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In the present work the most important attentios paid to the Jurassic magmatic
formations of the Somkheti segment of Somkheto-Kagh (SK) tectonic zone. The
results of the petrologic-geochemical studies ar@bUsotope dating in the magmatic
rocks are presented, which have a decisive rotedrcontext of further comparisons.
Magmatism took place here in the Middle and Laragkic epochs; volcanism has had
mainly submarine nature. The studied rocks arelkali@e (partly tholeiitic, mostly
calc-alkaline) and are characterized by enrichroéhtLE, partly LREE and depletion
of HFSE compared to N-MORB. Expressed negative aliesnaf Nb, Ta, and Ti
indicate the subduction origin of magmatism. Olsdirpetrologic-geochemical data
indicate the formation of basic-medium rocks frdra subduction fluid metasomatized
spinel-lherzolite mantle and the importance of fitaetional crystallization during the
formation of acid rocks. According to U-Pb datipgjtonic rocks have been formed in
two main Middle and Late Jurassic intervals: ~ M (plagiogranite formation) and
~ 155 Ma (tonalitic formation). As an alternativethe prevailing tectonic models, it is
suggested that the Paleotethyan lithosphere wadustibg to the south beneath the
SK zone during Jurassic.

Keywords:Lesser Caucasus, Somkheto-Karabagh, Paleotethyssslarenagma-
tism, subduction

Introduction

In the Lesser Caucasus Jurassic magmatic formagi@ngidely spread in
the Somkheto-Karabakh (SK) tectonic zone and inSpiak-Kapan (Galoyan
et al.,, 2013) zone (including Tsaghkunyats metamorpnassif and Kapan
block). The study of magmatic rocks of the SK zevith the use of modern
methods and analytical equipments plays an imporae in the context of
both local and regional issues including the petnegic, geochronological and
geodynamic studies. Comparison of Juassic subductiagmatism manifes-
tations in the southeastern (Karabagh) and nortienwe$in Armenia: Lori and
Tavush provinces) segments of SK tectonic zoneahggecial significance in
the paleogeodynamic reconstructions of the LesseB@uth) Caucasus region.
Meanwhile comparing the same type and coeval igne@aanifestations of SK
belt through southwestern Georgia to the Pontidagkéy) and/or towards
southeast (in Iran) has an important regional fiiganice in the field of
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geodynamic constructions of the central part ofAl@ne-Himalayan orogenic
belt.

The intermediate part of the SK belt is located@stern Azerbaijan, about
which new data (if any?) are unavailable to us. midale, its southeastern
segment extends to the territory of the Mountaindlezabagh Republic
(Artsakh), which was the basis of joint researat@msducted by the Armenian-
Taiwanese (Galoyan et al.,, 2013; Galoyan et al132p and partly the
Armenian-Swiss groups (Mederer et al., 2014). Intast to rather detailed
lithological and mineralogical-petrographic studiegshe Somkheti segment of
this zone, which included a number of geologisterks (see below), modern
and thorough geochemical studies of the main speoferocks of these
formations are very limited or often lacking. So, fanly two published works
have been addressed in this issue, in a very timitenber of samples (Mederer
et al., 2014) or on limited chemical elements (Maga et al., 1985). There-
fore, the work presented not completely but dedigitan fill that gap.

1.Brief stratigraphy

The SK tectonic zone or anticlinorium (or terragubterrain), stretching
about 350 km from north-west to the south-easthéseastern continuation of
the Eastern Pontides belt (Figure 1). With the Bigtan ophiolites (Ankara-
Erzincan-Sevan-Hakari suture) south of them these separated from
Gondwana-derived Taurides-Anatolides and South Arame microplates or
terrains (e.g., Sosson et al., 2010 for detailfe K zone consists mostly of
Jurassic, partly of Cretaceous and Eocene age fimmsawith a total thickness
of about 5 km (e.g., Leont'ev, 1949; Aslanyan, 19%&ffenholz, 1959,
Azaryan, 1963; Abdullaev, 1963; Lebedev, Malkhasyd®65). In the
northwestern part of this zone, in the Somkhetimsag (in Lori and Tavush
provinces of RA), the volcanic, volcano-sedimentagdimentary and partly
metamorphic formations of Paleozoic (partly), Mesozand Cenozoic ages are
widely spread (Figure 2). At the same time, thet&reous and Paleogene
deposits have superposed nature. The earliestreacess of the zone are the
metamorphic rocks of Precambrian-Lower Paleozofresented by various
schists, phyllites, marbles, quartzites and gnewssch are cropping out in the
Loki Massif in the south of the Republic of Geordia the upperLoki river
basin). These rocks are cut by Upper Paleozoic (Hercyngrahitoids (e.g.,
Azaryan, 1963; Gamkrelidze, Shengelia, 2005; Adamiaal., 2011). In
addition, the old metamorphic substrate in the 8Kezis also outcropped in the
upper streams of Hakhum (Armenia) and Asrik-Chadaijan) rivers (e.g.,
Azaryan, 1963, Azizbekov, 1972). By the way, acowdio our preliminary
fieldwork and observations, the old (i.e. Hercyfiage of metamorphic massif
of Hakhum is doubtful, so the need for additiontofough) field and
especially new isotopic studies is a priority here.

Jurassic_formations. The formations of this age are represented by all
three: Lower, Middle and Upper Jurassic sectioreo(it'ev, 1949; Aslanyan,
1949, 1958; Azaryan, 1963 and many others). Loweassic (Liassic) and




Lower Aalenian formations are cropped out on thiskitts of the Loki massif
(Georgia) and are represented exclusively by détdeposits (about 400m
thick). With a small output and thickness of 18@&bthey were found in the
core of Shamshadin (Tavush) anticlinorium as wellg.( Azaryan, 1963;
Mandalyan, Stepanyan, 2008). The Middle Jurassiajo@an, Bathonian,
Callovian) is represented by a thick volcanic arudcano-sedimentary and
partly sedimentary series (together with 2-2.5kiokitess).

o East European Platform

Scythian Platform

Mediterranean
N | I Sea \ \ \ o
i T T ) L3 A) %
25 ‘ZEJWE AE 25E ACE A5 50E
----- structural limit between fault zone DA thrust fault n o~
and Taurides-Anatolides g
= . e ===
and peri-Arabic units —= transform fault ~ -A—a& rovorsc fault
I_)_L\ platform X X
. . CACC - Central Anatolian Crystalline Complex
l:' European margin (Pontides) SAB - South Armenian Block
European margin including magmatic arc (Pontides, Somkheto-Karabakh) ~ TAP  -Tauride-Anatolide Platform
s . L GC - Greater Caucasus
l:l Lesser Caucasus units including ophiolites LC - Lesser Caucasus
I:' Anatolian ophiolites KM - Kirgehir Massil
. . MM - Menderes Massil’
Metamorphic massifs SM - Sakarya Massil
N sakarya accreted terrane IAES - izmir - Ankara - Erzincan Suture
Taurides-A li h A s a NAF - North Anatolian Fault
[ Taurides-Anatolides, South Armenian accreted terranes A e ViEHO T
I:I Tran accreted terrane during Eo-Cimmerian orogeny CAF - Central Anatolian Fault
[ peri-Arabic units (Lycian nappes) including ophiolites V- Van Lake
. S - Sevan Lake
I:’ suspected oceanic crust U- Urmia Lake

Figure 1. Structural sketch map of the Tauridestdlides, Caucasus and Iranian belts, after
Avagyan et al. (2005), modified (Sosson et al. 2044ssig et al., 2015). Location of Figure 2 is
indicated.

Within the limits of the Somkheti segment (in Arm@nthe stratigraphy of
Alaverdi anticlinorium was studied relatively welere, the earliest (begining
of the Middle Jurassic) volcanic formations arebataly the lava and tuffaceous
rocks of the Debed suite (300-550m thick; Sopk@&1}9n which the variety of
andesite composition is dominant. According to Agén (1949, 1958), these
are part of the Lower Jurassic (Lower Liassic) fations, up to 1000m thick.
Meanwhile, according to (Azaryan, 1963), in the féth Mine area the Debed
suite is placed on the “quartz porphyries” of Up@ajocian Akhtala suite



(about 600m thick), and these are underlain bydipledase porphyrites” of the
Storin (Lower) Akhtala suite. The latter were fouird the area of Storin

Akhtala village, at a well (at the depth of 500mg tfloor of which was not

found. Azaryan supposed that these porphyrites wansgressively placed on
the terrigenous formations of Liassic-Lower Aalenizy analogy with the Loki

massif.
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Figure 2. Schematic geological map of the Somidegiment (in Republic of Armenia) of SK
tectonic zone. Modified after (National Atlas ofenia, 2007, pp. 26-27). 1 — U. Pliocene-
Pleistocene sediments; 2 — U. Pliocene doleritsalis; 3 — U. Miocene-L. Pliocene volcanics
and volcaniclastics; 4 — U. Eocene volcanic andnsextary series; 5 — M. Eocene volcanic,
volcano-sedimentary and sedimentary series; 6 eoah-L. Eocene sedimentary series; 7 — U.
Cretaceous sedimantary and volcanic series; 8 —dtaG¥ous sedimantary and volcanic series; 9
— U. Jurassic-L. Cretaceous volcanic, tuffaceoussaaiimentary series; 10 — U. Jurassic
sedimentary, volcanic and tuffaceous series; 11:M.LJurassic volcanic, tuffaceous and
sedimentary series; 12 — U. Carboniferous metamomgries; 13 — U. Proterozoic metamorphic
series; Intrusive formation§4 — U. Oligocene-L. Miocene granite, granodigrite — U. Eocene-
L. Oligocene granitoid, syenogranite, nepheline alkdline syenite, monzonite, gabbro; 16 — U.
Eocene gabbro, diorite, monzonite, granodiorite- M.Eocene gabbro, quartz diorite,
granodiorite; 18 — U. Jurassic quartz diorite, tiv@aleucogranite; 19 — M. Jurassic plagiogranite,
leucogranite; 20 — faults.

The next group are again the intermediate composifandesite-dacite)
pyroclastic formations of the Koshaberd suite (Gaw®y, 1935) with a
thickness of 100-400m (Sopko, 1961), which areaspia the interfluve of the
Debed and Aghstev rivers. Occasionally, there amesnot so thick effusive
flows and tuffite sublayers. This suite covers comfably the Debed suite
making together a single series, and, in turn, eogered by volcano-
sedimentary (agglomerates, tuffs, tuffites, acih$a about 400m thick) rocks



of the Alaverdi-Shamlugh suite with their basis the Upper Bathonian
Ammonites (e.g.Parkinsonia parkinsoniAzaryan, 1963). According to the
latter, the total thickness of the Bajocian formas is about 1700-2000m.

Bathonian sediments (up to 120m thick) immediatebntinue to the
Bajocian series and have a relatively limited dstion here. They are found
only in the western part of the Alaverdi ore regiand are represented by
volcanic (“augite porphyrites”, which, according {@slanyan 1949), are
Middle Bajocian) and mostly by sedimentary rockbjali are known as Shah-
takht suite (Azaryan, 1963). These rocks are widespin the east, in Tavush
province (Armenia) and in the territory of Azerlaanj(around 1000m thick).

Callovian stage sediments have a transgressiveengtslanyan, 1949) and
significant distribution (are available in all tlerggeostructures: Alaverdi and
Shamshadin anticlinoriums and ljevan synclinorilanyl are represented by a
suite of sandstones (arkosic, tuffaceous, clayieyy)land shales (clayey) of
about 200m thick.

The Upper Jurassic is represented by Oxfordianavmesedimentary and
volcanic formations (400m thick). The volcanic fatons (perlite tuffs,
“augite porphyrites”) are widespread in Alaverdddjevan regions, which are
represented primarily by pyroclastic and tuffo-seeintary rocks (e.g.,
Aslanyan, 1949, 1958; Azaryan, 1963, Lebedev, Madlgan, 1965). In Tavush
province, in the western part of Azerbaijan andha territory of Artsakh the
upper part of the Oxfordian stage (Lusitanian)apresented by exclusively
coral reef and oolitic limestones (Leont’ev, 1948)the watershed of Aghstev
and Hakhum rivers, on the side of the ground rogisvben Gandzakar-ltsakar
villages Oxfordian tuffites and limestones are aatcropped in which we have
encountered a flow of nice pillow (that are “rotietavas of about 50-60m
thick, which contains limestone cement and lenses.

Cretaceous and Paleogene formations.ower Cretaceous carbonate and
terrigenous formations are common in the territofyGeorgia, and partly in
Noyemberyan and Berd regions of Armenia (FigureTRe Upper Cretaceous
formations are represented by volcano-sedimentary sedimentary rocks,
which are most commonly spread in the northeagtarts of the SK zone in
Noyemberyan, ljevan and Berd regions (Geology ArRSS.2, 1964).
Meanwhile, the formations of the Eocene age (aké600m thick) locally with
the conglomerates at base are common in the sosiiénmeand western parts of
the belt, which make up the Sevan-Shirak synclumri(Sargsyan, 1966).
Volcanic formations are also dominated here cubugh by multiple Eocene
age intrusions.

Intrusive formations in the study area have a relatively wide spredwyT
are represented mainly by acidic, partly of intediae composition as abyssal
(plutonic), as well as hypabyssal (subvolcanic)ie®dvhich belong to both the
Middle and the Upper Jurassic ages. They cut réspcthe Lower(?)-Middle
and Upper Jurassic volcanic, volcano-sedimentand partly sedimetary
formations. Younger intrusions, including the dilew sills, are not discussed
here.




Plutonic rocks are commonly known in the studieglhaasplagiogranitic
and tonalitic formation types (e.g., Magmatic and metamorphic formatiohs o
the ArmSSR, 1981). From the point of view of thérglegic and especially of
geodynamic issues the Middle Jurassic plagiogramite very important. They
have a significant role in the Shamshadin (Tavusfijclinorium (Geology
ArmSSR, v.3, 1966; Magmatic and metamorphic forartiof the ArmSSR,
1981), which are represented by several major siveubodies (e.g., Tavush
and Khndzorut, about 50 ¥mFigure 2), whereas in Alaverdi area the most
famous is the lesser massif of Haghpat (north aftipat village; about 6 kin
In the latter some smaller outcropsl (5 knf) of gabroid phase rocks are also
separated (Melkonyan, 1970).

The plutons of Tavush anticlinorium has been irdgdudn three main
phases: plagiogranitic, plagiogranite-porphyry gk granite (Ghazaryan et
al.,, 1966; Magmatic and metamorphic formations ld ArmSSR, 1981).
According to (Aslanyan, 1958), these massifs hagenbintruded in Late
Bajocian and are genetically linked to effusive ntpalagioporphyries. The
intrusions of plagiogranites of Tavush and of pgrinites of Kenatssar have
been carefully sampled and studied by us as well.

In the SK tectonic zone the Koghb-Shnogh polyphaseision is the
largest (about 90 kfjy which is composed (e.g., Melkonyan, 1970) ofrgua
diorite-tonalites (phase 1), leucogranites (phadg 4and trondhjemite-
plagioclasites (lll phase). The Chochkan massif tiee north-western
continuation of the latter on the left bank of iebed river (Figure 2).

In the Alaverdi ore region (the most spread nearvilage of Shamlugh
and homonymous Mine surroundings) the “albitophyresbitized rhyolite
porphyries, according to Melkonyan, 1970) havertbeique place, which are
sill-like, sometimes dike-like mainly cutting browrnk bodies especially in
Callovian sedimentary series of sandy tuffites ahdles. However, they are
often non-parallel emplaced with the stratificatiohhost rocks. Macroscopi-
cally these acid rocks are remarkable by the poeseh excellent phenocrysts
of albite. Quartz albitophyres played a significaole in the generation and
localization of copper mineralization (e.g. detaitsGrushevoy, 1935).

2.The age of magmatism
In the Somkheti segment of SK zone the Middle Xicas

magmatic formations according to their lithologicadmposition are
grouped into following main formationstindesiti¢ plagiorhyolitic and
plagiogranitic (Magmatic and metamorphic formations of the ArmSSR
1981). According to the same source, the formatafngpper Jurassic-
Lower Cretaceous (hence, Upper Jurassic) are gdoupéhe andesito-
basaltig rhyolitic andtonalitic formations

According to the K-Ar method dating, the represgémearocks of the
andesitic formation that is commonly found bothAllaverdi and Shamshadin
anticlinoriums have 167 Ma and 165 Ma ages, resmdygt(Baghdasaryan,
Ghukasyan, 1985). According to the same sourcerdblkes of plagiorhyolite
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formation in these structures have 170-163 Ma afd-162 Ma ages,
respectively, and the rocks of plagiogranite foioraare 152-148 Ma and 153-
145 Ma. Again after (Baghdasaryan, Ghukasyan, 198f&) basalt-andesitic
(=134 Ma) and rhyolitic (~143 Ma), as well as toial(144-136 Ma) Upper
Jurassic-Lower Cretaceous formations of Alaverdicinorium have relatively
younger ages, which in the prese@eologic time scale(International
Chronostratigraphic Chart, 2017) correspond to&ady Cretaceous. However,
according to the latest Rb-Sr dating, first-phaselites and quartz diorites in
the Koghb-Shnogh intrusion have an age of 164 ta&bavd the second phase
leucogranites of 156 + 3 Ma (Melkonyan, Ghukasy4@4).

Note that, except Rb-Sr data, the other ages ¢bmitirocks are relatively
younger (around 15-20 million years) than thoseéAitsakh (Galoyan et al.,
2013). Although we are anticipating (expectingjdview the age-related issues
of plutonic formations of the Somkheti segmentehee present the first U-Pb
dating results on Haghpat, Chochkan and ShnoghdKaggnusions, equipped
with new geochemical data. Accordingly, Haghpatlagmgranites have a
Bajocian-Bathonian age of 165 + 4 Ma, and tonaltéshe Shnogh-Koghb
intrusion (152 + 4 Ma) and tonalites (155 + 4 Majlgink leucogranites (152 +
4 Ma) of Chochkan massif have Oxfordian-Kimmeridgéayes maximum. This
age domain also includes a plagiogranite dike (54 Ma) in the Shnogh-
Koghb massif and an andesitic dike (155 + 6 Ma}he Alaverdi ore field.
Thus, the obtained data are quite comparable Wwilages obtained (Galoyan et
al., 2013) on plagiogranites of the Berdadzor (Rlum) intrusion (~177 Ma,
the oldest in this zone) and on granodiorite-tdeatbcks of the Mehmana
intrusion (154-147 Ma) from the territory of Artdak

3.Petrography

Petrographic description of the widespread magmatimations in the
region has been brought in numerous researcher&swGrushevoy V.G., Ste-
panyan H.S., Aslanyan A.T., Paffenholtz K.N., SopkB., Azaryan N.R., Mal-
khasyan E.G., Lebedev A.P., Balasanyan S.I., Bagitgan G.P., Ghazaryan
H.A., Melkonyan R.L., Chubaryan H.A., Tumanyan H.Mandalyan R.A.,
Muradyan K.M. and many others). Thus, various “porphyrites’d(olame)
dominate in volcanic formations of the region. Thieldle Jurassic rocks of tuff
and/or lava series are noticeably altered by propgtion (Grushevoy, 1935).
The rocks are characterized éyygdaloidaltexture, in which the vesicles)
cm) are filled with different proportions of secamg minerals such as chlorite,
epidote, calcite, quartz and rarely zelolites.

Comparatively fresh varieties of basic-medium cosiljpan lavas are
characterized by the groundmasses of interseridl aandesitic textures e.g.,
hyaline, hyalopilitic, microlitic, ophitic and miogranular. The groundmass of
non-fresh varieties are chlorite-carbonatized kediwith powder-grains of ore
mineral. Rare olivine grains are partly decayed amplaced by opal and
serpentine. Plagioclase phenocrysts are quitesditbighly pelite-carbonatized,
rarely represented by albitized grains. Presenbeland orthopyroxene grains



are replaced by epidote-zoisite, while the rimghafse grains are sometimes
replaced by secondary amphibold¥agioclase phenocrysts are commonly
represented by albitized grains, and rare clinaggme grains are represented
mainly by secondary amphiboles. At the groundmassia the phenocrysts it
has often been formed pelite, chlorite, carbonapedote, uralite, albite and
quartz secondary minerals and their microaggregaiEpending on the
epidote’s predominance, sometimes the rocks pasaimepidosite.

Tuffs, tuffaceous and lava-flow breccias, which easily recognizable due
to stratification, with their composition and sedary modification are similar
to lava varieties. On the road in the valley of Wdlisa tributary of Debed
river we discovered real pillow lavas (with balls %0-80 cm) under the tuff
horizon, which are also characterized by amygdaloigxture. Here, the
phenocrysts are represented by almost entirelyedlt@arbonate, clay minerals,
prehnite) large prismatic crystals (2.7-1.8 mm) pddigioclase and chlorite-
carbonatized grains of mafic minerals. Vesiclesraostly filled with chlorite,
epidote, sometimes with quartz and carbonate.

In the southwestern outskirts of the villages ofriadhank (Madan) and
Shamlugh, we have encountered fluidal texturedtiddeiva-flow breccias and
tuffs (Koshaberd suite), which are characterizedgbgy-purple but mostly
gray-greenish debbris (clasts, up to 4-5 cm, raBel cm) and cement.

Rhyolitic lavasknown as quartz- or simplykératophyre’s or “albitophy-
res” or “quartz porphyries” are pink or greenislovon, but mostly purple.
Macroscopically they have fluidal appearance dueléar and dark stripes.
These are characterized by porphyric texture aggt@microcrystalline and
sometimes felsitic textures of groundmass. Phesterare represented
primarily by grains of corroded quartz and somesiroéplagioclase (altered to
pelite-carbonate). In the quartz-feldspathic micaismthere are also chlorite,
sericite and carbonate minerals. In addition, itaiso rich in ore mineral
(possibly hematite) micro-enclosures, dependingwdnch the rocks have
purple coloring (Dodin, 1935; Grushevoy, 1935).

In the_intrusion of Tavusfr~10 km SW from Berd town) the plagiogranites
dominate, which are small-medium grained, and siomest porphyric. Rarely,
there are varieties of diorite and quartz-dioggpecially in its exocontact parts.
A detailed petrographic description of the specisnen plutonic rocks was
given by (Balasanyan, 1963; Ghazaryan et al., 1966y are mainly
characterized by quartz-feldspathic compositionphyportion of 30-50% and
40-60%, respectively. The role of potassium feldépinsignificant, sometimes
it is absent. Colored minerals5%) are mostly represented by hornblend and
less biotite, and accessory minerals such as oneralj sphene, apatite and
zircon are present. Cutting porphyry granites are-§rained, with brown and
pink coloring. Porphyry enclosures (35-45%) arerespnted with plagioclase
and quartz, which are included in the hypidiomocpgranular microtexture,
which by its composition is similar to those of tipeevious ones. The
alterations are represented by chlorite, epidot#inalite, albite, sericite,
carbonate minerals and pelite formatiof&ink granites are equigranular,
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hypidiomorphic granular and sometimes aplitic texturocks, in which the role
of potassium feldspar (orthoclase and microclire)caonsiderably increased
(~30%) at the expense of plagioclase (~20%). Alghoaolorful minerals are
not many, they are mainly represented by biotiteceSsories are represented
by magnetite, zircon, apatite, and secondary mis@ra albite, sericite, chlorite
and limonite.

Detailed petrographic description of the Haghp#&usionrocks was given
by (Balasanyan, 1963; Ghazaryan, 1971; Melkonyai6)l Plagiogranites are
mainly medium grained, have gray and pink coloratidgth yellowish-brown
alteration surfaces. They are often encountereth edlumnar separations by
which easily differ (distinguish) from the distanitem the hosting volcanites.
They are characterized mainly by quartz-feldspatioimposition with 20-50%
and 50-70% proportion. Feldspars are representedligpclase-andesine,
which are mostly disintegrated, argillized. Colorednerals are formerly
amphiboles mostly chloritized, and also biotite imga(1-3%) encounters.
Accessories are often found in rocks, such as tepatrcon, and leucoxene
(sphene).

The Koghb-Shnogh intrusiorpart of which is also the small massif of
Tsaghkashat (4 ki) is a polyphase formation in which the three nptiases
of rocks were separated (e.g., Melkonyan, 1970619%ccordingly, phase-I is
represented mainly by biotite-hornblende tonaldesl quartz diorites. In the
endocontacts of intrusion, on the one hand areddba most basic varieties:
pyroxene-hornblende-quartz diorites, quartz disritdiorites, and on the other
hand acid ones — biotite-hornblende granodioriteseven granites. Phase-Il is
represented by small stock-like leucocratic grabddies. Phase-lll is represen-
ted by trondhjemites (plagiogranite) and plagidbtss Veined magmatic for-
mations are represented by aplites, plagiorhyoligeanites and granodiorites.
The petrographic details of various rocks are preskin the works (Gha-
zaryan, Balasanyan, 1966; Melkonyan, 1970, 1978 fiocks are characte-
rized mainly by hypidiomorphic granular, sometingsphyraceous textures.
Main rock forming minerals of these rocks, accogdia the above-mentioned
names, are represented by different proportion lefjipclase, potassium
feldspar, quartz, and from mafic minerals: pyrox@ueetly), mainly amphibole
and biotite, as well as magnetite, apatite, zircephene and rutile from
accessories. Secondary minerals are representethlbnte, epidote, sericite,
carbonate, limonite and pelite.

The principal petrographic feature of plagiogramiie that they have basi-
cally a bimineral composition, i.e. plagioclaseidotlase-andesine) and quartz
(total ~90% and more, with quartz up to 40%). Thegtain a small amount of
hornblende grains. Plagiogranite-porphyries of pHasre characterized by the
presence of large amounts of quartz, in the abseht®rnblende and rarely
with presence of biotite and K-Na feldspar. Thergii@s of K-Na feldspars
(up to 45%) and biotite (up to 5.5%) are sharplgréased in leucocratic
granites; at the same time, in the plagioclasegases the albitic component.
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4.Geochemistry

Contrary to rather detailed lithologic-geologicadamineral-petrographic
studies, contemporary and thorough geochemicalietudf the main rock
varieties of these formations are very limited fiew lacking. So far, only few
published works have been addressed in this issaevery limited number of
rock samples (Mederer et al., 2014) or limited cicahelements (Maghakyan
et al., 1985; Melkonyan, 1989). Therefore, in tihespnt work relatively more
attention has been paid to the geochemical invagtigs.

The chemical composition of only major elements 3& samples of
Jurassic magmatic rocks were determined at the €hérnaboratory of the
Institute of Geological Sciences of NAS RA (thedecate analyses are not
shown in the table, but in Figure 3). The scrupsigeochemistry of 10 samples
from the Alaverdi region was determined at the Ciloamlaboratory of
Department of Geosciences, National Taiwan UniterBiarticularly, the major
elements were determined by X-ray spectrometeryF)XRnd rare earth and
the other trace-elements by the method of indulgtiveupled plasma Mass
spectometery (ICP-MS) (Table).

Major_elements. According to geochemical analysis of major element
the studied magmatic rocks show quite a similatitythe Lori and Tavush
provinces (Figure 3A-C). They are characterized thg normal alkaline
chemistry (i.e., subalkaline series), ranging floasalts to rhyolites, as well as
several trachy-basalts and trachy-andesites et@o(with volatile free basis).
The classification of volcanic rocks was carried aacording to TAS (total
alkali-silica) diagram and petrographic descripsiolm the AFM diagram, these
are mainly plot in calc-alkaline field, with the aeption of several
plagiogranites of Haghpat intrusion that are thtiei

According to the KO-SIO, ratio these rocks belong to the low-K
(tholeiitic) and medium-K (calc-alkaline) fields.dvw (Mg-number) for basalts
varies from 52 to 65. The bulk of the rocks is satied with silica and is quartz-
and hypersthene-normative (1-40%, 2.5-25.5%, réispedg), and some of them
are silica-undersaturated, characterized by olivine- and riamaormative
(14-16.5%, 1-9%, respectively) compositions. It iddobe recalled that the
volcanic rocks are variably metamorphosed in pteRmiimpellyite and lower
greenschist facies, and the presence of the spistecaused by underwater
alteration of rocks. Accordingly, the most impottattention here is paid to the
relatively stable trace-elements behavior.

Trace-elements.In contrast to majors, some trace-elements anecesfy
high field strength elements (HFSE) are more stadléhe above-mentioned
changes (e.g., Pearce, 1983; Michard, 1989), sorttwest accurately represent
the primary composition of the source and the maigmecks.

In normal Mid-ocean ridge basalt (N-MORB) normatizeulti-element
diagram the Middle Jurassic magmatic rocks arengegd in two groups of
patterns, which are represented by basic-medium aaidic varieties,
respectively (Figure 4). These rocks are charastdrby the depletion of Nb,
Ta and Ti elements characteristic of ieland arcformations (e.g., White &
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Patchett, 1984; Taylor & McLennan, 1985). In thesibanedium rocks it is
noticed Zr and rarely P weaker expressed, andidticazarieties stronger P and
Ti negative anomalies. In general, these rockschegacterized by Ba, Rb, K
large-ion lithophile elements (LILE) and Th higheontents (2-40 times)
compared to N-MORB.

Table. Chemical compositions of the Jurassic maigmatks from N-NE Armenidthe
major elements in wt%, other elements in ppm, ls@iot defined).

Age Lower(?)-Middle Jurassic complex Upper Jurassioplex
N/N 1 2 3 4 5 6 7 8 9 10
Samplel 550 | oga | 20A | 21A | 25A| 28A| 27A| 19-2A 24-1A[24-2A
(11ARM)
Name basaltjc basaltjc ?r?iscarllly-c rhyolite plagio andesit Ean(jesit qyartz tonalite Ieuqo
andesitgandesit P ndesite granite| (dike) | diorite granite

N°(41.) | .14914 .12745| .15975| .16194|.11592| .11531| .10520| .09654| .17587|.17617
E°(44.) | .77507 .64602| .73022| .72866|.70738| .65006| .65629| .87391| .81818.81802
SiO, | 52.13| 53.52] 4991 75.18 73.55 55.57 56|25 63.91.536478.09

TiO, 0.63 | 0.65 0.80 0.21] 042 05p 0.7 049 06 Q.11
Al,O; | 18.88| 16.78] 17.66 1180 1246 17.00 15(78 17.60.211612.57
FeO; | 9.31 9.06| 1007 176 514 8.1P 7.12 3.p9 450 0.57
MnO 0.14 | 0.06 0.20 0.077 0.06 0.28 0.12 0.07  0Jj07000.
MgO 4.20 | 4.58 4.74 040 061 4.0B 6.12 2.86 1/96 28 Q.
CaO 8.42 8.71 5.59 2.83 146 5.97 8.60 550 299 9 0.3
Na,O 4.11 2.69 4.47 191 481 4.1p 2.3 515 4]97 441
K0 0.61 0.17 1.02 233 068 0.21 0.42 0.p0 2J06 4.64
P,0s 0.10 | 0.22 0.16 0.05 0.1 0.1D 0.15 0.06 018 Q.06
total 98.54| 96.42] 94.62 96.54 99.24 96.84 97|56 738.98.15| 101.]

(Mg#)* 49 52 50 33 20 52 65 62 48 52
Rb 16 4.9 23.3 60.7 14 4.2 27p 13B8 578 130
Sr 254 | 208.0 87 29 1040 172 388 392 241.0 (19
Y 16.3 19.9 18.5 28.7 36.] 13.6 15/7 13.3 21.6 15

Zr 37 20 41 114 101 38 92 124 17y 88
Nb 1.10 1.00 1.70 340 380 1.3D 5.2 4.3 121 10.9
Ba 199 29 235 161 96 34 129 10p 297 3pP8
Hf 1.06 0.6 1.14 3.17| 2.77 1.09 2.26 3.06 406 324
Ta 0.069| 0.057 0.091 0.234 0.286 0.086 0.39 0.;31R17 1.816

Pb 29.16 2.1 32.25 3.3] 2466 18J6 155 1.8 545 2319.
Th 0.56 | 0.27 0.39 2.26 155 0.6 3. 4.4
3
3

3=
[ERN
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U 0.22 0.46 0.14 0.78f 054 0.2 0.86 029 087 161
\ 260.4 | 278.2| 248.] 1.2 5.9 15 163.5 72{31 78.13804

Cr 94 78 31 38 33 25 134 55 60,0 87
Co 16.3 27.9 23.3 15 3.7 16.2 25]1 L 10.4 1.0
Ni 48 44 27 18 17 20 55 31 36 45

Cu 93.63| 984 14.7 17.9 48 817 137.3 4926 33.45.7
Zn 231.2| 73.4| 112.6Dp 41.3 204| 776 65.6 155 356 121

La 3.3 3.2 4.3 10.5 7.9 3.9 11.8 4.5 136 2p5
Ce 7.3 7.3 9.8 21.3 18.7 8.4 231 9.9 282 48.7
Pr 1.04 1.07 1.38 2.86 264 1.1y 2.81 143 3/46 445
Nd 5.0 54 6.34 12.1 12.4 5.2 110 6.4 13.7 14.13
Sm 1.59 1.78 1.92 3.30 3.8 153 2.58 185 3|21 225
Eu 0.604| 0.731] 0.698 0.643 1.058 0.579 0.833 0.639290 0.320
Gd 2.06 2.65 2.38 3.58 501 1.98 2.69 1p4 345 721




Tb 0.378| 0.441] 0426 0.620 0.838 0.382 0.421 038546 | 0.359
Dy 2.62 3.02 2.95 427 576 224 2.99 213 354 6232
Ho 0.6 0.706] 0.6724 0.971 131 0.515 0.566 0.471 63)70.498
Er 1.7 2.02 1.94 2.89 3.8 1.5 1.57 1.82 216 154
m 0.2612| 0.301| 0.296] 0.4674 0.600 0.242 0.286 0.213 0.831770.2
Yb 1.69 1.93 1.97 3.16] 39% 159 155 147 227 220
Lu 0.257 0.3 0.30§ 0490 0.64 0.248 0.23 0.234 2,30.328
*REE | 28.4 | 30.9 354 67.2] 684 294 62/0 32.8 105.2 176.5
Eu/Eu* | 1.02 1.03 1.00 0.57 074 1.02 0.97 1.02  0/86.42
(La/sm)n 1.34 1.16 1.45 2.05 1.32 1.65 2.95 157 274 6583
(La/Yb)n| 1.40 1.19 1.57 2.38 1.43 1.7¢ 5.46 220 430 9.06
Dy/Yb | 1.55 1.56 1.50 1.35 146 141 1.97 1.45 1/56.12
Ba/Rb | 124 5.9 10.1 2.65 6.8p 8.1 46(2 719 51 .5
Rb/Sr | 0.06 0.02 0.27 2.0 0.13 002 0.007 003 02884

* Mg# = 100*Mg/(Mg+F¢)

Upper Jurassic magmatics in the N-MORB-normalizeédgmam are
characterized by higher contents of Ba, Rb, K ahd 3100 times) and light
lanthanides (up to 2-10 times) than the Middle Ssicaones (Figure 5A). Also,
the Nb and Ta minimums in these spectra are sfigitlaker. These rocks are
characterized by Ti strong, and P and Sm weakeinmuims. At the same time,
the only leucogranite of Chochkan intrusion distiisped by the lowest P, Ti
content and by Ta maximum. From these charactsjstind especially from
the comparison with the Haghpat intrusion plagiogea pattern (sample
ARM25A) it becomes apparent that the Middle and &fpjurassic magmatics
differ in the content and behavior of the traceraats, and may be generated
by thevarious compositiolf melts.
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Figure 3. Distribution of studied Middle-Upper Jss& magmatic rocks in the classification
diagrams: A — TAS (Le Maitre et al., 1989), B — ARbbundary lineof Irvine & Baragar, 1971),
and C — K-Si (Le Maitre et al., 1989). With larggnbols are shown new XRF analyses (see the

table), also AL-09-02 to Al-09-07 samples from (Meer at al., 2014), and L3.2 sample from
(Neill et al., 2015).
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Rare earth elements (REEXistribution in the studied rocks also indicates
different levels of their content (Table). Middleurdssic magmatics are
characterized by quite smooth and parallel spéEigare 4B). Volcanics of the
basic-medium composition are characterized by timnmam REE (28-35 g /t),
and acidic rocks with double content. Moreover, trewth of content in
rhyolites and plagiogranites is almost proportiot@lboth light and heavy
lanthanides. Additionally, the similarity of the mualized spectra of trace
elements (including REE) in these rocks can beadxetl by their possible
genetic links. Middle Jurassic magmatics are charaed by weak enrichment
of light lanthanides compared with the medium-REEafSm)n = 1.2-1.5,
sometimes 1.6-2.0) and heavy-REE ((La/Yb)n = 1&-4ometimes 1.8-2.4).
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Figure 4. N-MORB (A) and Chondrite-normalized (B) spideagrams for igneous rocks of
Lower(?)-Middle Jurassic age. Normalizing valuesfaom (Sun and McDonough, 1989). K, P
and Ti are after XRF analyses.

REE contents in the Upper Jurassic andesite dikeraoks of tonalite
formation (quartz diorite, tonalite, leucograni@e clearly distinct from the
previous ones, which is partly due to the potassiomtent. Compared to the
Middle Jurassic basic-medium rocks, these rocksranded by the significant
enrichement of light-REE compared with the mediuBEERLa/Sm)n = 1.6-6.5)
and heavy-REE ((La/Yb)n = 2.2-9.0). Nevertheledse tatter with their
medium- and heavy-REE contents are significantlyelothan those in Middle
Jurassic Haghpat plagiogranites (Figure 5B).

In the Middle Jurassic formations, contrary to Htsaadesitic rocks,
samples of rhyolite and plagiogranite are remakkdh} clearly visible Eu
minimums (Eu/Eu* = 0.57 and 0.74) despite theimhidagioclase content. In
general, these acidic rocks are distinguished ey hfgh position of their
spectra; they are rich in trace elements, whiclkdus to the high degree of
fractional crystallization. Unlike the Haghpat imdion plagiogranite, the Eu
minimums (Eu/Eu* = 0.85-1.0) are not characterigifcthe Upper Jurassic
tonalites (neither the andesite), whereas the t@aigogranite is marked by
significant Eu deficiency (Eu/Eu* = 0.42) due tagioclase early fractionation.
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Figure 5. N-MORB (A) and Chondrite-normalized (B) spidegrams for an andesitic dike and
plutonic rocks of the Upper Jurassic Koghb-Shnagh @hochkan massifs. Normalizing values
are from (Sun and McDonough, 1989). K, P and Tiadter XRF analyses.

5.Discussion

On_volcanism _and _stratigraphic _issues.In the geologic provinces
represented mainly by volcanic formations paleamigial interpretations and
stratigraphic subdivisions are often complex angicate between different
suites and/or series. Especially in the absencgedimentary rocks, the only
solution is the isotopic dating. Most researchezkele that in the Mesozoic
formations of northern Armenia the Debed suite he bldest. However,
according to Azaryan, within the Akhtala Mine atba Debed suite is placed
on the Upper Bajocian quartz-porphyries of Akhtaldte. So the age of the
Debed suite can not be older than the Upper Bajo¢kzaryan, 1963).
Whereas these quartz-porphyries are a cutting badyan hypabyssal intrusion
(Aslanyan, 1949; Zohrabyan, 1971). According to aa, on the other hand,
the Koshaberd suite covers the Debed suite confuynand is covered by the
Alaverdi-Shamlugh suite, at the base of which aso dound the Upper
Bajocian AmmonitesRarkinsonia parkinsoni, SgwTherefore, he concluded
that the age of the Debed suite also correspondthéoUpper Bajocian.
Meanwhile, according to (Melkonyan, 1970), the aolics of the Debed and
Koshaberd suites have an age of Lower Bajodiais not excluded thahe
suite of Debed (also of Koshaberd, Aslanyan, 134&3(were) formed earlier
than the Bajocian (e.g., in the Late Triassic-Edrigssic, Aslanyan, 1949)
taking into account also the oldest U-Pb age (-89 this study) of Haghpat
massif that is intrded in them.

One of the most important issues in geology is remvnent of the
volcanism. Still Aslanyan (Aslanyan, 1949) statkdttthe “lower porphyritic
series” (i.e. Debed suite) was accumulated in wnal@r conditions as the
“porphyrites” were replaced by layered sandstomésanwhile, according to
him, the upper “tuffo-breccia” series and acid sifuns have been formed in
continental or subcontinental conditions.

Unlike the Bajocian (with assumption if all seriese Bajocian), the
Bathonian is characterized by a sharp declinatioroicanic activity. Although
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the pyroclastic material exists in almost all smusi of Bathonian, lava
effusions/explosions are of noncontinusaure(Leont’ev, 1949). Despite the
absence of volcanism, the Callovian formationsexgressed in deep-sea (i.e.
pelagic) clayey anghallow-seasandstone-carbonate faciggspectively, in
the north-eastand south-westof the belt(Aslanyan, 1949). According to the
same source, in Oxfordian the volcanicism is stipngstarted first in the
subaerial and then continued in subaqueous conditibhe evidence of the
latter is the presence of the pillow basaltic flawsl intercalated with them reef
limestones e.g., in the middle part of the townjesfan and Berd.

Geochemistry and geodynamic_settingAccording to the petrochemical
(i.e., major elements) characteristics the Lowek{ig}dle Jurassic basalts
correspond to the low-potassium and low-titaniuldlites, and calc-alkaline
basalts to the Pacifisland arcs(Jrbashyan et al., 1996). Moreover, according
to geochemical features, Jurassic-Cretaceous \stoarof the northern
Armenia shows a similarity with the primitive thistie volcanic associations of
theisland arcs(Maghakyan et al., 1985).

According to our data, the geochemical peculiegitd Middle Jurassic
magmatics especially the enrichment of LILE (Ba, R) and depletion of
HFSE (Nb, Ta, Zr, and in acid rocks Ti and P ad)wnfirm the subduction
origin of the studied rocks due to the partialy tingl of mantle wedge, under
the influence of the slab derived aqueous fluid-ikeoklements during the
dehydration reactions (Tatsumi and Takahashi, 206&ddition, in the basalt-
andesitic rocks of the Middle Jurassic the flat REpEctra suppose the melting
from alreadyL REE-depleted mantle portiar even frommantle meltinghat is
similar to the MORB source. At the same time, ie thyolite-plagiogranite
samples the REE spectra remains almost the sarttethei general enrichment,
which is caused by fractional crystallization o tmelt. In these rocks Eu clear
minimums (Eu/Eu* = 0.57-0.74) are explained by afactionation of
plagioclase, which is also confirmed by its behay®u/Eu*> 1.0) in basalt-
andesitic rocks. Similar features of REE have alydaeen discovered in similar
type and same aged formations of the territory méakh, Karabagh segment of
SK (Galoyan et al., 2013), which testifies to tienerality of magmatisrin
both Somkheti and Karabagh segments of SK zone taedefore, about the
common magmatic origin of soure@d the geodynamic situation in them.
Although no primitive (Mg# = 65) varieties were faliin the basalt-andesitic
rocks analyzed (e.g., Mg#65), the absence of significant REE differentiatio
((La/Yb)n = 1.2-1.8) implies mantle source of matithe level ofpinel facies
of peridotites(e.g., Gen¢ and Tuysliz, 20aad references theréin

The issue of magmageneration and source of volranss the most
interesting in a variety of subduction situatiorizsecause the magma is
polygenetic here. It can be formed by melting gfqdbducted oceanic slab, (2)
asthenospheric or lithospheric mantle, and evegtu@) the oceanic or
continental crust that dives by the oceanic sldbofAthese processes proceed
in complex conditions of variability: such as paktimelting, fractional
crystallization, contamination, mixing/mingling dfvo magmas etc. These
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complicate not only the magmageneration procesalbatits interpretation and
identification. On the other hand, given the Eu rahdic or approximate

contents(i.e., Eu/Eu*~ 1.0) in these rocks, the role of crustal contatiima

becomes insignificant.

The samples of the Upper Jurassic andesitic diketanalitic formation
have subparallel and similar spectravhich indicates the genetic link
between them (Figure 5B). These are characterized by moder&R&H
enrichment (La/Yb)n = 2.2-5.5) and double-depletiaith medium-REE
((La/Sm)n = 1.6-2.9) compared with the Middle Jaiagocks (excluding the
21A sample). These concave-shaped patterns areghk of the fractionation
of amphibole and clinopyroxene. The fractionatioh amphibole is also
strengthened by the lack of Eu minimums (Eu/Eu*.8501.0). Based on the
incompatibility of REE spectra between rocks of tigper Jurassic tonalitic
formation and Middle Jurassic plagiogranites of kaza intrusion it is not
difficult to conclude that their melts have had tdifierent sources.

By the way, based on the peculiarities of the nmteomposition of the
tonalitic formation, in particular: (1) the presemaf typomorphic minerals (e.g.,
scheelite, cassiterite) of the crystalline basenaérihe region in tonalites, (2)
the significant increase in the content of REE matse (orthite, cyrtolite,
xenotime) and elements Sn, W, Pb, Ta, Nb from ttasato leucogranites, (3)
the nature of oxygen-isotopic shifts in quartz-netga pair in different phases
of rocks, which has an indicative significance fdifferentiation and
assimilation processes (Hakobyan, Melkonyan, 198®),decisive role in the
process of forming of the tonalitic formation wassigned to the intense
interaction (assimilation, mixing) of the basite Imwith the crustal acid
composition (Melkonyan, 1989).

Using discrimination diagrams for granites (Peatcal., 1984, not shown),
studied acidic rocks are grouped into VAG (volcaaic granites) and/or syn-
COLG (syn-collisional granites) fields. However, ihe case of the Ta-Yb
couple, Haghpat's plagiogranite fall into the VAGnhd the Chochkan
leucogranite into the syn-COLG fields.

So far, the absence of geochemical (including Eojcanalyzes of mostly
basic rocks (especially in the case of Upper Jigabmits full discussion and
evaluation of the issues related to the petrogsnesimagmatic rocks and
geodynamic situation. In this regard, regional carigons are interesting. The
SK zone is mostly considered (e.g., Adamia et1881; Yilmaz et al., 2000;
Sosson et al., 2010; Dokuz et al., 2017) the aas@ntinuation of the Eastern
Pontides (Figure 1)Especiallythe magmatic activity by basaltic volcanic and
granitic plutonic formations of Kimmeridgian-Tithiam stages (155-150 Ma)
on a small scale also exists in Eastern Sakarya fBokuz et al., 2017).
According to these authors, the magmatic rockshefWpper Jurassic have a
collision signiture(subduction-related and intraplate-type magmatisvhjch is
the result of the mechanism afab breakoffduring the continental arc—
continent collision process. Although only usinggeemical data, it is difficult
to distinguish the magmatism nature related eith@sduction or collision
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process, the N-MORB- and the Chondrite-normalizadet element patterns of
the Upper Jurassic magmatics studied by us difggificantly from those of
the Eastern Sakarya zone rocks, so we tend tdowttrithe Late Jurassic
magmaism to the subduction process unlike them.

Issues related to the regional geodynamic setting-he SK zone is of
critical importance in the context of regional ggoamic issues. It is assumed
that SK is part of the Pontides—Lesser Caucasusairaandesitic zone and, as
anisland arg is located on the Eurasian active continentalginaclosing the
Tethyan basin from the nortfsince Adamia et al., 1977, 1981, 1982;
Zakariadze et al., 1982; Maghakyan et al., 198%nka et al., 1987; Karyakin,
1989 and many others). Therefore, the importanstiiuge depending on the
evolution of the Tethyan basin, is the nature efSK zoneor volcanic ar¢ in
particular, the question dadnsialic or ensimaticcrust in this section? As an
alternative, Moshashvili (Moshashvili, 1982) putrviard the nature of the
“heterogeneous basement” for the SK zone. Recetiily,idea has found its
support by us (Galoyan et al., 2013) based on #we observations and the
factual material collected in Artsakh territargnd the critical analysis of
literature data as well. Accordingly, the authomrdidved that at least the
Karabagh segment of the SK zone (or terrain) has bermed on the oceanic
crust (e.g., of Paleotethys?), i.e., in “eeal island arc” environment
(convergence between oceanic crust—oceanic crust). Logically, the
adjustmenif the basement of Somkheti segment of SK zoneyedlsas the
petrologic-geochemical and isotopic (including agesdies of the magmatic
rocks will facilitate and clarify our perceptionbaut the entire area. In this
regard, it should be emphasized that though thearekes are at their initial
stage, some geological facts have already beenwdised, which may suggest
the essence of the eartlgasimatic crustis well here. In particular, the pillow
nature of the lavas (both in Lori and Tavush reg)ortheir frequently
encountered amygdaloidal textures, as well as thesepce of various
granularity tuffites (i.e. volcano-sedimentary et} indicate thaunderwater
nature of volcanic eruptions both in the Early(Agtde and Late Jurassic
periods.

The geographical-tectonic position of SK zone veithe Lesser Caucasian
“ophiolitic” basin needs to be clarified as welh the South Caucasus region,
which is largely associated with the evolution leé SK island- or volcanic-arc
structure, the direction of the subduction zoneéza®?) is also uncertain. Long
ago, two opposing models have been nominated: (dingle north-directed
(e.g., Adamia et al., 1977, 1981; Lordkipanidze8@9Lordkipanidze et al.,
1988; Zakariadze et al., 1986; Karyakin, 1989) 2yr 4 single south-directed
during the Middle-Late Jurassic (Muradyan, 1981) bate Jurassic
(Achikgueozyan, 1985). In contrast to these autheh® consideredomhheto-
Karabagh-Kapanas a single arc, Palandzhyan (1974) underlined tina
Karabagh and Kapan anticlinoriums were separatatidopphiolites of Saribab
synclinorium. Then Khain (1975) for the first tirmad later (Melkonyan et al.,
2000) proposed a model bi-vergent subductiohere, respectively, (1) to the
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north-east under the SK belt and (2) to the sowdhtwinder the Kapan zone (or
block) and the Tsaghkunyats massif, named recéogigther as Spitak-Kapan
zone (Galoyan et al., 2013) of Jurassic-Cretactmusations.

In recent years, describing the history of evolutend closure of the
Tethyan basin, the Armenian-French scientific grdugsed on the petrologic-
geochemical properties (i.e., BABB-type) of the igfite magmatics, has
shown the need for a secointtaoceanicsubduction zone that also was sinking
to the north-northeast. They “placed” this zondgha south of main SK zone
(e.g., Galoyan et al., 2009; Rolland et al., 20@sson et al., 2010).
Subsequently, the third southernmost subductior zeralso promoted which
was sinking under the South Armenian block (Hassigl., 2015 for details).
This was trying to explain the Late Jurassic tdaeajranodioritic magmatism,
as well as the stages of metamorphic evolution sdghkunyats crystalline
basement. It should be emphasized that apart fnentonalitic formation, there
are also at least Middle Jurasaic-typevolcanic and pyroclastic formations in
Tsaghkunyats massif (e.g., Khorenyan, 1982; Aghganal1987), which has
never been studied using modern analytical equipamah methods.

Although in recent years special attention has lpzed to the nature, age
and origin of the Lesser Caucasus ophiolites lacatehe south of SK tectonic
zone from Early Jurassic to Late Cretaceous (Eagyan et al., 2009; Rolland
et al., 2009; Sosson et al., 2010; Hassig et @ll32Danelian et al., 2014 and
references therein), however, a number of issues hat yet been resolved or
are still controversial. Particularly: (1) the nawf basemenbf the back-arc
basin where the ophiolites became and (2) the Gondf the magmatic arc(s)
emplaced basement (oceanic or continental crust)tia@ direction(s) of the
subduction(s) during pre-Jurassic and Jurassic.irmhbge is almost the same in
the west, i.e., in Eastern (or in general) Pontided in the Izmir-Ankara-
Erzincan (IAE) ophiolite zone limiting the Pontidésom the south. For
example, from Paleozoic to Late Jurassic Paleadethiithosphere was
subducted to the south by creating northern Neggethn IAE back-arc basin
(e.g., Sengor and Yilmaz 1981, Goncloglu et all02@okuz et al., 2010;
Eyuboglu et al., 2011).

Numerous tectonic models have been proposed abeuharth-dipping
subduction for different periods of Mesozoic, white often contradictory to
one another. In particular, recenthprth-dipping single (e.g., Topuz et al.,
2013; model-(a) in Robertson et al., 2014)doublesubductions (e.g., model-
(b) in Robertson et al., 2014) recommended forlAtie zone during Early-Late
Jurassic. Alternatively, aingle south-dippingubduction model is also driven
by the same group (model-(c), Robertson et al.,420The south-dipping
subduction in the Sakarya zone has recently baaforeed by another work
(Dokuz et al., 2017)according to whiclthe Paleotethys subduction beneath
Gondwana from Permian to Middle Jurassic |dadhe opening of a number
of marginal seasDiversity and contradiction of the above-mentidne
geodynamic models, and lack of e.g. seismic tonpigyraesultsrestrict the
ability to forwarding a most reliable model for our regigherefore, based
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on the proper study and critical analysis of thaeit can also be put forward
south-dipping subduction modai the Paleotethyan ocean, which led to the
formation of the SK island(?)-arc, and to the opgrif Lesser Caucasian basin
(Amasia-Sevan-Hakari ophiolite belt) behind iteddt in Early to Late Jurassic
(Figure 6). The latter can also be a serious ater® about the tectonic
development of the Lesser Caucasus during Mesonoide the past forty
years (e.g., Adamia et al., 1977 to Rolland, 20&#®rring mainly to the north-

dipping subduction models.

basin . Paleotethys (?)

~150 Ma, intr. of Mehmana,

Mederer et als 2013
Shnogh-Koghb etc.

Figure 6. Tectonic model of the formation of SKarsll arc and of northern Neotethyan back-arc
(i.e., Amasia-Sevan-Hakari: ASH) basin above alssatd subduction zone within the
Paleotethyan(?) ocean during the Early-Late Jura$gB Ma is the maximum Ar-Ar age of
hornblende diorite from Vedi ophiolite (Galoyan,08), and 172 Ma is the maximum U-Pb age
of gabbro and plagiogranite from Sevan ophiolital@@an, unpublished); for intermediate and
younger Ar-Ar ages of the ophiolites see (Galoylaal.e 2009; Hassig et al., 2013). SAM — South
Armenian Microcontinent. See the text for details.

Conclusion

The magmatism in the Somkheti segment of SK tectpoine took place in
the Early(?)-Middle and Late Jurassic epochs (athéncase of Karabagh);
volcanism has had mainly underwater nature. Unfiies volcanics which are
represented by differentiated basalt-andesite-glahitolite rock series, plutonic
rocks are represented mainly by acid varieties fidiorite-tonalites up to
leucogranites. The studied rocks are subalkaling are characterized by
enrichment of LILE, partly LREE, and depletion oFSE compared to N-
MORB. Clear Nb, Ta and Ti negative anomalies prtnesubduction origin of
the magmatism both in the Middle and Late Juragpochs. Available
petrologic and especially geochemical data allovtousonclude that the basic-
intermediate composition rocks of the Middle Ju@a$ésave formed from low
degrees of partial melting of spinel lherzolitic mia enriched by subduction-
related (released) fluids; acid rocks are derivate do the fractional
crystallization of those melts. According to geaolmal data, the Middle and
Upper Jurassic magmatics differ greatly from onetlaer, which is conditioned
by the difference of their source. As an alterratio the prevailing north-
dipping subduction models, it is suggested thaPleotethyan lithosphere was
sinking to the south beneath the SK zone durings3ir.
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UNUNEE-NULULUNE SEUSNLUEUL ¢NSNE UNUVEEh
UGQUELSP (Z8NhUPUUSPL 2UBUUUSUL) SNRLUSH
UUQUUShESLEP N16SMNLNYRUSE BY 6ruruLhURUSE UUURL

1.L. Gunyui, (r.L. Ukpniyul, L.U. Upwyul, U.-L. 2nihg,
[}.2. Tunpkyw, 8.-Z. Lhh, U.9. Udhpunjui

Udthnthnid

Ukpjuwyugynmd Eu Undpubph ukqubunh jnipwjh hwuwljh dwugdw-
nhl wwwpubpmd  whnpnnqubtppuphdhuljutt  nrunidbwuhpnt-
pintuttiph b U-Pb hgnunnywhwuwluwjhtt npnonidutph unp wipnnitip-
ukp, npnlp niukt npnohs ntp htnwgu hwdwnpnudutph b Epypugh-
twdhl JEpnidnipiniuiph hwdwwnbpunnid: Uuqdunhqdt wjunkn
pupwgt) E dhoht b nip jmipuwyh nupuopowtbpnid. Zpwppwljuine-
pntup Ypk B wowdbjuwbu unnpopju punyp: Nrunidbwuhpus
wwwpubpp untpwujuyhtt Bu (Wwuwdp nnjkhunught, hhdbwutnod
Ypw-wjjuuyht) b pinpnoynid Eu LILE, dwuwdp LREE hwpunwugdudp
Ul HFSE wnpuunugdudp hwdbdwnws N-MORB htwn: Zunwl] wipuiw-
hwymjws Nb, Ta b Ti pugwuwlui windwhwibpp thwunnmd Eu
dwqudwwnhqup unipymljghntt swgnudp: Unwgdws whwnpninqubply-
puwphdhwlwt wnjjujubpp dwntwtgnid Bu hhdpwjhu-dhohtt juquh
wwwnpubkph wpwowgnidp unipnniljghntt pynthnubpny dbknwundwwnh-
qugywsé uuihbiki-jkpgnihnwiht dwiphwihg, husybu twb $puljghnt
pipbnugdw ywpngbhuh Jupbnpnipniup pent wyupbph dAbwynp-
dwl pupwugpnid: Mnunnhl wwwpubpp, punn U-Pb hwuwlwgpdul,
qnugh) &t kpym hhdtwlwb' dhohti b mp ipugh hnbpuwibpnod
~165 Ma (wjughngputthinuhtr) b ~155 Ma (nnntwjhwnwghtt $npdwghw):
Npytu gipwlpnnny hpupu nippus nkuntwlwb dngbjubph wy-
punpuitp Eipunpynud £ Mugnplnhuh (hpnudpugh umpnnijghwi
ntuh Ll[mlpunl Unuubp-Twpwpunh Ynquyh wntnh nwl Jun-nip -
nuynu:

KIIETPOJIOT'YU U TEOXUMHUN IOPCKUX MAT'MATHUTOB
COMXETCKOI'O CEF'MEHTA COMXETO-KAPABAXCKOU
TEKTOHUYECKOMU 30HbI (CEBEPHASI APMEHUS)

K.JI. I'anosin, P.JI. Meakonsia, A.C. Atasn, C.-JI. Uynr, P.A. XopensH,
10.-X. JInu, C.B. AMuparsn

Pesrome
IIpuBeneHbI HOBBIE PE3yAbTATHI METPOIOTO-TEOXUMUUECKIX HCCICIOBAHUMN

n U-Pb usoromnnoro AaTUPOBAaHUA MAarMaTU4CCKUX Nopoa, MMCHOIIUC pCIlaro-
Iee 3HaYeHHE IS TTaJIeOre0JMHAMHUYECKOr0 aHam3a. MarmMaTusm IIPOUCXOONIT
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37IeCh B 3MOXY CPeAHEH W IMO3MHEH IOpBI, MPHU 3TOM BYJIKAHH3M HMEI IpeH-
MYIIECTBEHHO IMOJBOAHBIA XapakTep. M3ydeHHbIe MOPOABI SABIAIOTCS CyOIIe-
JIOYHBIMU (YACTHYHO TOJEUTOBBIMH, B OCHOBHOM H3BECTKOBO-IICIOYHBIMH) U
xapakTepusytorcs odoramenreM LILE, wactuuno LREE u ucromennem HFSE
no cpaBHeHHIO ¢ N-MORB. OTyeTnnBo BBIpaK€HHbIE OTpPHLIATEIBHBIE aHOMA-
muu Nb, Tau Ti cBHIETENBCTBYIOT O CYOYKIIMOHHOM 00CTaHOBKE TPOSBICHHS
Mmarmatusma. [lomydeHHbIe NeTpOIOro-TeOXUMUIECKHE JaHHbIE YKa3bIBAIOT HA
(dbopMupoBaHHE CpeIHE-OCHOBHBIX MOPOJ U3 METACOMAaTH3MPOBAHHON CyOIyK-
IIMOHHBIMH (QIIFOMIaMH IIITHHENIb-JIEPIOIUTOBOM MAaHTHH, a TaKKe HAa BaKHOE
3HaUYeHUE (PAKUMOHHON KPHCTALIM3aLUU NpU 00pa3oBaHWM KHCIBIX IMOPOJ.
Cornacno U-PDb natupoBkam, IIyTOHHYECKHE TIOPOIBI OBLTH CHOPMHUPOBAHEI B
JBYX OCHOBHBIX BPEMCHHBIX MHTEpBaJax: cpenHeropckoM — ~165 Ma furaruo-
rpaHuToBas Qopmaius) u mosgHeropckom — ~155 Ma fonanuroBas dop-
Malus). B kadecTBe albTepHATHBBI CYIIECTBYIOIINM MIPE0OIaIatoNM CEBEpPO-
HAIpaBJIEHHBIM CYOIYKIMOHHBIM MOJEISAM IIPEIoaraeTcst CyoIyliupoBaHue
murocdepsl [laneorernca Ha ror mox Comxero-KapabaxcKyio OCTPOBHYIO AYTY
B TEUCHHE IOPCKOT0 MEproa.
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B craTtbe paccMOTpeHBI cojiepKaHHe M OpraHMU3alus MPOCTPAHCTBEHHBIX AAHHBIX
PA, yHKIIMOHAIEHEIMH BO3MOXHOCTSIMH BEO-CHCTEMBI X 00pabOTKH M HCIIOJIB30Ba-
nus. basa reonanueix (geodatabasgjazpaborana B pesysibTaTe MHOI'OJISTHUX HCCIIE-
JOBaHUil coTpynHHKOB jiaboparopun ['eonndopmaruku UI'H HAH PA, a cucrema,
KOTOpast XapaKTepu3yeTcsi aBTOpaMH Kak BupryainbHas reorpaduueckas cpena (BI'C),
JnopaboTaHa B IOCNIEIHIE TOBl. B cTaThe Takke MpeacTaBiIeH CpaBHUTEILHBIN aHAIH3
coBpeMeHHBIX BeO-IMIC, B TOM uncie cucTeMsl, pa3paboTaHHON aBTOpaMU.

BBenenne

JlaHHasi cTaThs MMEET [EJh O3HAKOMHTH YUTATENS C COJICPIKAHUEM U Op-
raHu3alyell MPOCTPAHCTBEHHBIX MaHHBIX PA, (QyHKIMOHATHHBIMH BO3MOXK-
HOCTSIMH CHCTeMBI HX 0O0paOOTKM W WCIOJB30BaHUSI B CeTH VIHTEpHET,
c(hOpMUPOBAaHHBIMU B PE3YJIbTaTe MHOTOJETHHX HCCIEAOBAHUN COTPYIHHKOB
naboparopun ['eomndopmatnkn UIIT'H HAH PA. IlpenmcraBieHbl Takke OcC-
HOBHBIE COBpeMeHHbIe MpUHIHUIIEI BeO-I IC 1 pa3nudHbIe UX peain3aiuy.

I'eonHpOpMaIIIOHHBIC METOBI M CUCTEMBI, CO3/IaHHBIC JIJIsl pabOTHI C Teo-
rpaduyeckoli mHPOpPMaIUEH ¢ UCMOIB30BAHUEM KOMITBIOTEPHBIX TEXHOJIOTHH,
B pe3yibTaTe CBOETO Pa3BUTHS MOIHSINCH HA HOBBIA METOAMYECCKUN YPOBECHB,
KOTOPBIA OMIpPENEsAeTCsS MOHATHAMH <«TeOMH(OPMAIIIOHHOE IPOCTPAHCTBO,
«BHUpTyalbHas Teorpadudeckas cpema» W APYTHUMH OJIM3KAMU II0 CMBICITY
TEPMHUHAMU.

Omnpenensromas 0COOEHHOCTh YIOMSHYTBIX U JIPYTHX aHAJOTHMYHBIX BeO-
I'MC 3akmroyaercs B TOM,Y4TO OHH IPEACTABISIOT COBOKYITHOCTH JaHHBIX O
MIPUPOTHBIX U APYTUX TMPOCTPAHCTBEHHBIX 00BEKTAX, HAXOAAIIUXCS APYT C IPY-
roM B MH()OPMAIMOHHOM B3aMMOJEUCTBUH, a TAKKE METOIbl M TEXHOJOTHH U
HH(GOPMAITMOHHYIO HHPPACTPYKTYPY, 00CCIICUUBAIOIINE 3TO B3aUMOICHCTBUE.
Baxnyro poib B pa3BUTHM TakuX WH(GOPMAIMOHHBIX IMPOIYKTOB CHITPAIIO
nosiiieane ounaitH-I MC. OO0 MHTEHCHBHOCTH WX Pa3BUTHS CBUICTEIBCTBYET
TOT (akT, yTo Kaprorpaduyeckue MHTEpHET-CEpBEphl U HOBOE HAIPABJICHUC
BeO-I IC mosSBUIINCEH B T€UEHHWE HECKOJBKHX JIET, TIOCIIE TOTO, KOT/Ia BIICPBHIC
Ha KoH(pepeHn MexayHapoaHoi Kaprorpadudeckoii accoruanun (1997.)
ObIa MOJYEPKHYTAa aKTyaJIbHOCTh BHEIPEHHUS B KapTorpaduio CpeiacTB Teje-

koMMyHUKanuii u coenuHenus ['MC-texnonoruit ¢ Uurepner (Kenan et al.

2015).

B sToMm mponecce mupokoe pacnpoctpanenue nomyumnn I'MC-kaprorpa-
¢uposanne (bepranm, 2002, TUC-atnacer (TukyHoBu ap., 2004), MmyHuIm-
naneasie TUC (Kupummua, 2008; Ilerposau mp., 2009), kubep-unppactpyk-
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typa (Ciber-GIS) (Kenan et al., 2015)onopransr (Komkapes, 2008), mons-
THSL M peaju3alii HalMOHATLHOU MH(PACTPYKTYpHI MPOCTPAHCTBEHBIX JAHBIX
(HUITT) (Amppuamos, 2006; Matuun, 2015; Jlo6anos, 2014; J{upexTtu-
Ba/EC,2007), a Taxke moHstue reouHpopmanronHoro npocrtpanctsa (['UIT)
(JImcuukuit, 2012)u BupTYanbHOI reorpaduueckoii cpenst (BI'C) (Batty, 2008;
Lin et al., 2009; Batty et al., 2011; Lin et alQ13).
Ieab u 3apaun

OCHOBHOH 1ie/Ibi0 PabOTHI SBIIETCS pa3pabOoTKa BUPTyallbHOH reorpadu-
YeCKOM cpenmbl Il ApMEHHH, KOTOpas IMPeAcCTaBisieT coboit mHGOpPMAIHOoH-
HYI0 U METOIWYECKYIO TUIaTGOpMY JUIS ONPE/ISIICHHOTO Kpyra HayYHbBIX HCCIIe-
JIOBaHW, OCHOBAHHBIX Ha MOJICIIMPOBAHUU PA3JIUYHBIX 110 TPUPOAE MPOCTPaH-
CTBEHHBIX ITPOIIECCOB U JAPYTHX 3a7]a4 C UCIIOIb30BAaHUEM I'eOnH(pOpMAIIUH.

Jis TOCTM KEHUS BBINICYKAa3aHHOW IIeTM HEOOXOJUMO pEIlleHHE CIIEIYIO-
MIHX 33124

* Pa3pabotka reo0asbl JaHHBIX B 0a3bl METATaHHBIX,

* YCTaHOBKA CBs3€l C BHEITHUMH 0a3aMu JTaHHBIX,

» Paspabotka BeG-untepdeiica BI'C-Apmenns,

* MHuterpanus nudpoBBIX MOJEICH MPOCTPAHCTBEHHBIX MPOIIECCOB, pa3-
paboTaHHBIX, aBTOpaMHu CTaThll B (hopme mporpammubix [ MC-mpwmito-
JKEHUM.

Konuenuusi u jorudeckasi CTpyKTypa

Beb-ur(pOpManMoHHbIe CUCTEMBI UMEIOT pa3IMyHble HA3HAYCHHUS, IPUHA/T-

JISKAT Pa3HbIM TEMATHYECKUM 00JIACTSIM, IO3TOMY U COJCPIKAT OTIUYHBIC IPYT
oT Apyra (yHKIIMOHAIEHBIE KOMIIOHEHTBI, METOAMYECKUE U WH(OPMAITMOHHBIC
CEPBUCHI, TPEIOCTABISIEMBIE TOIB30BaTeNAM (Tabs.1).
Tabmmma 1
KommonenTsl, yHKIMH 1 HHHOPMAIMOHHBIE BO3MOKHOCTH BeO-I' IC

Bed- | Muu- BI'C

KoMnoHneHTbl M GYHKIUHA HUIIJ | BI'C [THUII

bynxu A atmac| THC | WTH
baza(s1) reogannsix(I'B) + + + + + +
JlocTyn K TeoJlaHHbIM + + + + +
MeTanaHHbIC + - - + +
/A ZIMHHHCTPATHBHBIC MEXaHU3MBI
[PEIOCTABIICHHS JTaHHBIX + - - - -+ -
Murepuer noctymn k I'b + + + + + +
briok 00pabOTKK U aHATH3a JAHHBIX
IBJI0K MHTEPAKTUBHOTO MTOCTPOCHUS + + +
KapT
[IpocTpaHCTB.- BpEMEHHOE i + + i N +
MOJICITUPOBAHUE
M e3KI10/1630BaTEIECKOE i + 4 i 4 T+
COTPYIHHYCCTBO
[Mybmukanus kapT - + - - -+ -+
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B Tabin.1, cocTaBieHHOH IO JIMTEPaTYPHBIM JIAHHBIM, MTPEJCTABICHO HAIU-
YKe WM OTCYTCTBHE OCHOBHBIX XapaKTEPHBIX KOMIIOHEHTOB M (DYHKIHIA B COC-
TaBe pa3MUIHBIX ToaTumoB BeO-1 1C.

Jlaniee pUBOAUTCS CpaBHEHUTENbHAS XapaKTEPUCTHKA yKa3aHHBIX BHIIOB
MH(OPMAITMOHHBIX PECypPCOB, MO3BOJISIONIAS ONPEISIUTh MECTO U Ha3HAUCHUC
pa3paboOTaHHON aBTOPaMU CHCTEMBI.

Wudpactpykrypa mpoctpancTBeHHBIXx maHHbIX (MITMI) obs3aTensHO co-
JIEP)KUT CUCTEMHYIO COBOKYITHOCTH Ha0OPOB NMPOCTPAaHCTBEHHBIX JIAaHHBIX, Ce-
TEBBIX CEPBUCOB M TEXHOJIOTHI, METaIaHHBIX ATUX JIBYX KOMIIOHEHTOB, a TAKKE
COTJIALIICHHIA O JIOCTYIE, WCIOJb30BAaHUM M PACIPOCTPAHCHUU JIAHHBIX, YCTa-
HOBJICHHBIX cooTBeTcTBytome JlupektuBoit Espocoroza ([IupextuBa/EC,
2007). ITousaTre cepBUCHI (T€OCEPBHCHI) MOAPA3yMEBACT OIMEPAIUH, KOTOPHIC
MOTYT OBITh BBITIOJHEHBI C TMOMOIIBIO KOMIIBIOTEPA C MPOCTPAHCTBEHHBIMHU
TAHHBIMH, THOO ¢ COOTBETCTBYIOMUMH MeTananueMu. MI1J] opranuszyercs, kak
reomopTai MHTEpHET-CailT, 00ecmeunBaronInii CBOOOIHEIN JOCTYI K CEpPBUCAM,
yKa3aHHbIM Bbille. OHA HWCHONB3yeTCS IS MOWCKA W IOJIydeHUs 0a30BBIX
MPOCTPAHCTBEHHBIX JAaHHBIX, B KayeCTBE Treorpauueckoil OCHOBBI TEMAaTH-
yeckux kapT (Komkapes, 2008).Co3nanue Takoil CHCTEMbI Ha HAIMOHAJIBHOM
YpOBHE, BXOJIUT B TIOJTHOMOYHSI OPTAHOB BIIACTH CTPAHHI.

I'eonndopmanmonnoe npoctparctso (I'MII) ompenensercs, Kak COBOKYII-
HOCTh T€OMH(pOPMAIIMOHHBIX MOJICNIEH TEPPUTOPHIA, MACCUBOB, TIPOCTPAHCTBCH-
HBIX JIAaHHBIX O TEPPUTOPUSIX, NPEJCTABICHHBIX B JBYMEPHOM M TPEXMEPHOM
BHJIaX, CBS3aHHBIX MEXKIy COOOW €IMHON KOOPAWHATHON OCHOBOM, TIO3BOJISIO-
e oToOpakaTh U 00padaTHIBATh MPOCTPAHCTBEHHBIC OO BEKTHI OTHOBPEMEHHO
W3 Pa3HBIX MAaCCHBOB JIAHHBIX JIFOOBIX MacITabOB, BKIIIOYasi MACCHBBI TEMaTH-
YeCKHMX JaHHBIX PasInYHbIX monb3oBareieii (Jlucumkuii, 2012).

Mymnurumnansasie ['IC (MHIL THC) ocHOBaHBI Ha IEHTPATH30BaHHON Oa-
3€ TaHHBIX POCTPAHCTBEHHBIX OOBEKTOB, MPEIOCTABIISET BO3MOKHOCTh XpaHe-
HUSl, aHAIU3a U 00pabOTKU MPOU3BOJIEHON WH(pOPMAIIMH, CBSI3aHHON C TeM WU
nabiM 00bekTOM ['MC. B mMynunmmansaeix [MIC Takas opraHuzanust TaHHBIX
yIpoIiaeT Mporecc UCIOIb30BaHUs HHPOPMAITUH 00 00BEKTaX TOPOJICKOH Tep-
PUTOPHH 3aWHTEPECOBAHHBIMH CIYy)XOaMH W 4acTHbIMH Juiamu (Kupuuiu,
2008;IIetposau map., 2009 ).

Beb-arnmac cucrema, BKiIrOYaromas IMQPOBBIC JaHHBIE M allapaTHO-
MPOTPaMMHBIE CPEIICTBA TeHEpaluK 3IeKTpOoHHBIX KapT (DK), a Takke MHBIX
HEKapTorpaUIecKux 3JICMEHTOB, OOpa3yIOMIMX COACPKAHUE SIECKTPOHHBIX
arimacoB (DA) B cocTaBe CHCTEM aBTOMATH3MPOBAHHOTO KapTorpaupoBaHUS
nmu ['IC Ha ocHOBe U(POBBIX MOJENEH KapT WK MA(PPOBEIX TPEICTaBICHUI
(Momerneit) mpocTpaHCTBEHHBIX 006eKTOB (TuKyHOBH Ap., 2004).

BI'C - BupryanbsHas reorpaduyeckas cpena (Virtual Geographic Environ-
ment), 6asupyeTcsl Ha MOJOKEHHUAX TECOPHU TCOMH(POPMATHUKH, KACAFOIIUXCS
BOIPOCOB B3aMMOJICHCTBUS TOJB30BATENCH U alapaTHO-IporpaMMHOro obec-
MeYeHMsI, KOTOPhIE MOTYT OBITh HCIIOJH30BaHBI B KaYeCTBE MHCTPYMEHTA JIJIS
BBITIOJTHEHHS TeorpadMueckoro aHain3a Ha COBEpIIeHHO HOBOM ypoBHe (Lin et
al., 2009. Asropsr BI'C k ee OCHOBHBIM KOMIIOHEHTAM OTHOCSAT BO3MOXXHOCTB
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aHaJIM3a BPEeMEHHBIX U3MEHEHUI B reorpaduueckoii cpeae. C 310 LENbIO CO3-
JAIOTCSl pa3fIUYHbIE BHPTYyaJdbHBIE MOJENU MPOCTPAHCTBA, KOTOPHIE HCIOIb-
3YIOTCSl JUIsl BBITIOJTHEHUSI TOYHBIX PacyeToB IapameTpoB mpocTpaHcTBa. CoB-
pEeMeHHBIE TeorpaduuecKkrue TpoIecchl MoryT ObITh BBeAeHbl B BI'C ¢ mo-
MOIIBI0 Pa3IMYHBIX JATYMKOB, (PUKCHPYIOIIUX TMOTOKOBEIC NaHHBIE 00 OKpY-
JKAIOMICH Cpe/ic B PeKUME PealbHOrO BPEMEHH. DTO MO3BOJISET CO3/1aBaTh BHP-
TyallbHBIE CHUCTEMBI, paboTaroIye C aKTyaIbHBIMH JaHHBIMH U TTOMOTAIOIINE
MPUHUMATE TIPOCTPAaHCTBEHHBIE pelreHus B peadbHoM Bpemenu (Lin et al.,
2013.

MogenupoBanue sBiseTcss BaxkHou coctapistonieit BI'C kak meTton reo-
MPOCTPAHCTBEHHOT'O aHaJM3a W MPHOOPETACT CMBICH TeorpauvecKoro dKCIie-
PUMEHTA, TPOTHO3UPYIOIIETO MOCICICTBUS MTPUPOTHBIX, COIUATBHBIX U JPYTUX
reorpagUuecKux TUHAMUYECKUX TIPOIIECCOB.

W3 paccMoTpeHHBIX BeO-MH()OPMAIIMOHHBIX CHUCTEM IJII HAYYHBIX HCCIIe-
noBauuit HanOomnee npexarasHadensl [ UI1 u BI'C. IlepBblii U3 3THX TEPMHUHOB
WCTIONB3YETCS B PYCCKOSI3BIYHOW JTUTEPAType, BTOPOE MOHSATUE MPEIIOKESHO U
pa3BHUBaeTCs TPYNION aHIJIOSA3BIYHBIX aBTOpOB. OnucaHHAs HIDKE pa3paboTka
ABTOPOB CTaThbH COYETACT B ceOE OCHOBHBIC KOMIIOHEHTHI OOCHX CHCTEM, a
TaKXe COOTBETCTBYET NMPHHIMIHAIBHBIM TpeOoBanusm WIIJI, B wacTHOCTH, O
HaMYUM MeTagaHHbIX. OTHAKO Ha OCHOBAaHHMH TOTO, YTO Teo0a3a JMaHHBIX pa3-
paboTaHHO#M aBTOpaMU CHCTEMBI JOCTATOYHBIM 00pa30oM MpPECTABISET reorpa-
(pMYecKyr0 Cpey M OCHOBHBIC YEPTHI I€OJIOTUYECKOTO CTPOSHUS ApMEHHH, a
TaK)Ke HAJMYKE PA3BUTOTO KOMITOHCHTA MOJCITHUPOBAHHS PA3IUYHBIX IO MPH-
polle TPOCTPAHCTBEHHBIX IPOILIECCOB, ABTOPBI CKJIOHHBI €€ OMNPEACIUTh, KaK
BUPTYaJbHYIO reorpaduuecKyto cpeay ApMEeHUH.

B TedeHne maMTENHHOrO MEpHONA Pa3BUTHSA T€OMH(POPMAIIMOHHBIX METO-
JIOB yCHUJIMSIMH aBTOPOB JAaHHOW CTaThU W JAPYTHMH COTPYIHHKaMH Jabopa-
topun reouHpopmatiuku MI'H chopmuposana obmmpHas reoba3za AaHHBIX U
mporpaMMHasi cpenia, HeoOXOAMMas JJIsi HAy4YHBIX HCCienoBaHuil. DyHKIHO-
HaJIBHOCTH CPE/bl B €€ TEKYIIEM COCTOSHHUU COOTBETCTBYET TCHIICHIUSM pa3-
BUTHSI TEOMH(OPMAIMOHHBIX CHCTEM W OPTaHHM3alUud WHPPACTPYKTYPHI IMPO-
CTPaHCTBEHHBIX JTAHHBIX, a Takke 00yCIOBIIEHA TPEOOBaHUSAMHU TEMATHYECKUX
WCCIIEIOBAHUN W MPAKTUIECKHUX Pa3padOTOK aBTOpoB. TeMaTHka u comepikaHue
reo0a3bl JIAHHBIX BBEIOpaHBI TAKUM OOpa3oM, 4TOOBI C JOCTATOYHOH MOJHOTOM
MPEICTAaBUTh reorpauUecKy 0 U Te0IOTHIECKYI0 CPEIlbl TEPPUTOPUU APMEHUU
B 3a/ladyaX MOJICIMPOBAHMS TPHUPOJHBIX W TEXHOTEHHBIX IPOIECCOB B 3TUX
cpemax. C 3To# menpio B reo6a3y MaHHBIX B MEPBYIO Oodepeab OBLIM BBEICHBI
0a30BbIC TEMAaTHUYECKUE CIIOW, MPEJCTABISIONINE TeorpaduuecKue YCIOBHS U
OCHOBHBIE YEPTHI T€OJOTHUECKOTr0 CTPOSHHSI CTPaHBI. 3aTEM 0 MEPE Pa3BUTHA
reonH(OPMAITMOHHOM cpeibl ApMeHHH re00a3a TaHHBIX MOMOHSIACH HOBBIMU
MTPOU3BOAHBIMU U IEPBUYHBIMU TEMATHYSCKUMHU CIIOSIMH. C TIEITBI0 00JIeTYeHUS
HaBUTAIIMA B OOIIUPHON MPOCTPAHCTBEHHONW HWHMOPMAIUU IPEIOCTABICHUS
cBeZleHHH 00 MCTOYHMKAX NaHHBIX, a TAaKKe 3allUTHl MPaB aBTOPOB TEMaTH-
YEeCKUX CIIOEB, COCTaBJIeHa 0a3a METalaHHBIX.
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B Tekymem cocTosiHWEM JIOTHYECKYIO0 CTpykTypy BI'C-ApMeHus coctas-
JSIOT CIeAyIoNe KOMIOHEHTH: 1. reobasza, 2. MOJeNH MpPOCTPAHCTBEHHBIX
00BEKTOB U mpoleccoB, 3. uHTepdeiic UpPOBOro KapTUPOBAHUS U TOIOIHE-
HHS reo0a3bl JaHHBIX, 4. MeTaJaHHbIe HU(PPOBBIX CII0EB (B JajbHEHIIIEM TaKxkKe-
cepBHCOB), 5. BeO-(QyHKIMH TTOJIb30BaHKs cucTeMol (puc.l).

Beb-cepercHHEe QyHKIHE

[MomonEerH e reobasH JaH HEIX
pesyIBTATAMH MOJETH POBAHNA H
KapTH POBAHH 4.
[Ipunepsr:

* Bogamle pecypcsl,

: e Bogmmii kagacTp,
o OnacHOCTH H PHCEH,
s DKOIOTHYECKHE KAPTH.

1

TecBaza JaEHEHX

Momemi obrerToB 1 Mporeccon
R

MpocTpaHcTeeHHbie AaHHbIe:Habopb!

M 0 e/ TMPOEAHIE 1 aH T3

BEKTOPHBIX H PACcTPOBbLIX A3HHBIX,
@ aTpubyTueHbie Tabnuusl.

DecHpUNTHEBIE gaHHbIE: YUEPTEMM,
HEenpocTpaHCcTEeHHbIE Tabauusl,

Meranannsie gaa vapyramp 8 BI'C, npepocrasrenis
HH(popMaL 06 HCTOUHHKAX M ABTOPAX JAHHBIX M P

uzobpameHusn, pazpessl,

Murepdaric MHoro haKropHoro aHAH3a H MHTEPAKTHEHOIO

KapTHPOBOHLA

onMcaTenbHbele NPUNOHEHUA.

CocrapneHre FEOﬁBShl,D'RHHLD(

Puc.1. Jlornueckas crpykrypa BI'C-Apmenus
Hcnoab3oBaHHble JaAHHBIE U METOAbI

T'eobaza oannvix BI'C-Apmenusn

I'eoba3a nmaHHBIX COCTOWT W3 TEMATHYECKHUX TPYII CJIOEB, OMHCAHHBIX
HUKE.

I'pynna 1. ba3zoBbie ciou:

Aomunucmpamugnoe Oeienue. TOCYAAPCTBEHHBIE TPAaHUIIBI, OOJACTHBIC
IpaHMIlbl, PAiOHHBIC TPAHUIIBI, HACEICHHBIC MYHKTHI, OOUIMHBI (TOYCUHBIH
CITO¥1), TPaHUIIbI OOIIMH, TIABHBIE TOPO/Ia, TNIOTHOCThH HACCICHHUS IO 00JIACTSIM.

Hudpacmpykmypa: MarucTpanbHble aBTOJAOPOTH, aBTOMOOHUIIFHBIE TOPOTH,
JKEJIe3HbIE TOPOTH.

I'pynna 2. [IpupoaHbIX yCJI0BUSA:

Teomopgpomempusi: abCOMOTHBIC BBICOTHI, YIJIbI HAKJIOHA CKJIOHOB, 3KC-
MO3UIMK CKJIOHOB, TOPHBIC BEPIIUHBI, PACHPEICIICHUE TUIOMAIN TEPPUTOPUU
IO BBICOTHBIM TTOSICAM.

Tuoponoeusa: BogocOopHBIE OacCEHHBI TIABHBIX PEK, PEUHAs CETh U 03epa,
BOJOXPAHWIIAIIIA.
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Ludpoceonoeus: apre3naHckue OacCeWHBI IMOA3EMHBIX BOJ, MECTOPOXK-
JEHUS HOA3EMHBIX BOJ, POJHUKH MPECHBIX BOJ, HICTOYHUKHA MUHEPATBHBIX BOJI.

Dusuko-eceocpagpuueckoe _paiionuposanue. TeoMOp(OIOrHIecKUe 30HEI,
KJIMMaTHYeCKHe Mosica, JIaHTmapTHBIE Mosca, (IOPUCTUYECKHE 30HBI, THITBI
MOYB.

Leonoecus: T'eonornueckas kapra (XapassH, 2005),kapTa BepXHEIUTHOICH-
4eTBepPTUYHBIX ByIKaHOB (ABaksH u g1p., 2004), TekroHmUeckas Kapra
(Caprcsn, 2012).

I'pynna 3. IlpupoaHbie pecypcebl: 3eMIICTIONB30BaHKE, Jeca, 0c000 OX-
paHsieMble TIPUPOIHBIC TEPPUTOPUH, TIPHPOIHBIC TAMSITHHKH.

I'pynna 4 IlpupoaHbie onacHOCTH:

Ceilicmuueckas OnACHOCHb U PUCK. CEHCMHUYECKOE 30HMPOBAaHHE, HCTO-
pHYeCKre 3eMIICTPSICEHHS, 3eMIICTPSICEHUS B TIOCTICTHUE TOMBI.

Ononsnesas onacHocmy U puck: MECTOIIOJIOKECHUE OIOI3HEH, ONOI3HEBBIE
CKJIOHBI, OTIOJI3HEBOHM PHCK, 3€MJICTIONh30BaHNE HA OIOJI3HEBBIX CKJIOHAX, T'€0-
JIOTUYeCKasi OCHOBA OTIOJI3HEW, pHCK onou3Heil o oonactsm (Georisk, 2014).

Onacrocmy 1ecHbIX n0#Capos: ONMACHOCTD JIECHBIX TOXKapOB MO MecsaM —
UIOHb, UIOJIb, aBTYCT; OMACHOCTH ITOKapOB IO BBICOTHBIM IOSICaM, OIAaCHOCTh
MOKapoB B 3aBUCHMOCTH OT THIIA JIeca.

Luopomemeoponocuueckue onacHoCmu: CeIu, CeJICHOCHBIC TOJIUHBI, TH(-
(epeHIpOBaHHBIE IO CTENEHU OMACHOCTH, 3aPeTUCTPUPOBAHHBIC HABOIHEHHM,
Oepero3auIiuTHBIE COOPYKEHHS, OMACHOCTh HAaBOJHEHHH IO peuHBIM Oacceil-
HaM, ONaCHOCTh HABOJHECHUI M0 a/IMHHUCTPATHBHBIM 00JIAaCTSIM, OITACHOCTh Ha-
BOJHEHHUI 10 a]MUHHCTPATUBHBIM pailoHaM.

I'pynna 5. TexHoreHHbIe ONACHOCTH M PUCKHU. OIACHOCTH TEXHOT'€HHBIX
aBapuil, pUCK TEXHOTEHHBIX aBapuii, TEXHOT€HHbIE OMACHOCTU IO paioHaM,
TEXHOT€HHBIE OITACHOCTH 110 001acTsM.

I'pynna 6. Kputnueckue nH(ppacTpyKTyphl (He BKIIOUEHHBIE B Ipyrue
IPYNIbI). JIEKTPOCTAHIIMHU, aBTOJOPOKHBIC TOHHEIH, aBTOJOPOYKHBIC MOCTHI,
’KEJIC3HOJJOPOYKHBIC TOHHEIH, YUYPEKICHUS 3IpaBOXPAHCHHUS, aIMHHUCTPATHB-
HBIE COOPY)KEHHS, adPONOPTHI, XUMHUYHUCKUE 3aBOAbBI, O€H30- M ra303ampaBoy-
HBbIE CTaHIUH, TEIEKOMMYHHMKAI[HOHHBIC CTaHIUH, I0)KapHO-CIIacaTeIbHbIC
HEHTPHl ¥ CTAHIWH, IMPOMBIIUICHHBIC YCTAaHOBKH, TEIEKOMMYHHKAIMOHHBIC
CTaHIIUY, BBICOKOBOJIbTHBIC JIMHUU 3JICKTPOIEpeiad, XpaHHIHIIA OMACHBIX Be-
IIECTB ¥ OTXOJIOB, CBAJIKH.

I'pynma 7. YSA3BUMOCTb HaceJeHHs] OT MPHPOIHBIX H COIHAIbHO-IKO-
HOMMYECKHX PHCKOB: 0000IICHHBIN MHIECKC YSI3BHMOCTH IO perHoHam Apme-
HHH, CTIOCOOHOCTH aIallTalliUH U MPEOJOJICHHs, 00mIasi, pu3ndecKasi, COraIb-
Hast ¥ 9KOHOMHUYECKAask BOCTIPUUMYHUBOCTb.

I'pynna 8. I'mapoTexHuyecKne cOOpPY:KeHUsSI H BOJOMOJIb30BAHHE. JIH-
HHUH BOJOCHAOXKCHUsI, KaHAIN3AIIMsl, THAPOT€OJIOTMYECKUE CKBAKUHBI, KaHAIIBI,
Bogoxpanmmma, ['9C, Bom03a00pkl, peIOHBIE XO3SHCTBA, YYACTKH OOCITYIKH-
BaeMble OOIIECTBAMH BOJIOMIOIB30BATEIICH.

I'pynna 9. ITosie3Hble HCKONMaeMble: MECTOPOXKICHHUS METAIMYECKUX U
HEMETAJUTMYECKHX MOJIE3HBIX HCKOMAEMBbIX, XBOCTOXPAHMITHUIIA.
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I'pynna 10. T'napomMeTeopooruueckuii MOHUTOPMHT. METEOPOJIOTH-
YecKHe IMyHKTHl HAOJMIOACHWH W CTaHIMH, TUAPOJIOTHYEKHE ITyHKTHI Habiro-
JIeHsI, TyHKTHI HAOIIOIEHUS Ka4eCTBa BOJIBI.

I'pynna 11. TypucTudyeckne 00beKTBI: HUCTOPUYCCKUE MAMATHUKHU, T'OC-
THHHMIIBI, peCTOpaHbl/Kade, Mara3uHel.

Buewnue 6azvt oannvix BI'C-Apmenus

Omuo w3 mpumymects BI'C-ApMeHHH COCTOMT B TOM, YTO 3Ta CHCTEMa
MoAAEepKUBaeT MH(OPMAINIO, XpaHSIIyIocs BHEe ee 0a3bl NaHHBIX. B dact-
HOCTH, MOKeT ObITh ycTaHoBieHa cBs3b (link) ¢ GasamMu mpoCTpaHCTBEHHBIX
JIAaHHBIX, YCTAHOBJICHHBIX HA JPYTHX CepBepax, WIN C JaHHBIMH MOHUTOPUHTA
WM KapTUPOBaHUS, MOIYYaeMBIMH ITOCPEJCTBOM TelleKOMMYyHUKanuid. [Ipu-
MEPOM TaKHX JIAHHBIX, UMCIOIINUX BaXXHOE 3HAYCHUE IS MOJICIIUPOBAHUS MHO-
TUX MPUPOJIHBIX TMPOIIECCOB, SBIAIOTCS JaHHBIE THAPOMETEOPOIOTHIECKOTO MO-
HUTOPHUHTA, aBTOMATH3MPOBAHHOTO MOHUTOPHHTA OMOJ3HEBHIX TEJ, MOHHUTO-
pUHTa KayecTBa BO3AyXa U BOJBI. DTa BO3MOXKHOCTH IIO3BOJIUT CUCTEMaM, TeHe-
pupytoriM b/l MOHMTOpWHTA, MHTEPAKTHBHO IOJIb30BATHCS TEMATHUYSCKUMU
ciossmu BI'C 115 mOCTpoeHHS KapT NaHHBIX HAOIFOACHUS WM UX TTPOU3BOIHBIX
MEPEMEHHBIX.

Ces3p ¢ BHemrHUME pecypcamu [ MIC maHHBIX OCYIIECTBISIETCS MOCPEACT-
BOM Be0-CEpPBHCOB, 00ECTIEYHBAIOIINX JOCTYI K MPOCTPAHCTBEHHBIM JaHHBIM,
TaK)Ke TMPEJOCTaBsAs BO3MOXHOCTH HX 00pabOTKH, IOWCKa, aHalu3a |
BU3YaJIH3AIIHN.

B ocuoBe kaxmoro 'MC-cepBuca JeKUT reonHGOPMAIMOHHBIA PeCypc:
KapTa, 0a3a JaHHBIX, MPOrPaMMHBII HMHCTPYMEHT reoodpadboTku u ap. I'MC-
CEPBHC SABISETCS CBI3YIOIIUM 3BEHOM MEXIY HCXOIHBIM PECYpCOM M KIIMEHT-
CKUM TIpWIOXKeHneM (HacTOJIpHOM mimn MoOuasHOM [MIC, BeO-IPHIOKEHHEM |
Ip.), BBITIOJHSS TIepeady AaHHBIX OT pecypca K KIHCHTY W 00paTHO, 00cCiy-
JKUBasi pa3lIMyHbIe 3ampockl mojibs3oBareneil. ['MC-cepBUCh MOTYT HCHONB30-
BaThCcs, Kak 4acth BeO-I'MC mns peanmmsanuu Ha BeO-caliTaX BO3MOXHOCTEH
JIOCTyTa K MPOCTPAHCTBEHHBIM JAHHBIM U (PYHKIUSAM Te000pabOTKH, a TakKe,
KaK HE3aBHCHUMBbIe BeO-CEpBUCHI AJIS MPEIOCTABICHUS JPYTUM IOJI30BATEISIM
BO3MOKHOCTH BCTPAMBAaHHS CEPBUCOB B COOCTBEHHBIE MTPHUIIOKEHHS HA MJIATHON
niH GecTIaTHON OCHOBE.

Ocuosnble Tunsl [ UC-cepBrcoB, kiaccuUIpOBaHHBIE IO (PYHKIHOHAIb-
HBIM BO3MOXKHOCTSIM, TTPUBOSITCS HUXKE:

* KaprorpaMuecKuil CEepBUC-TIPEJOCTABISET OOCTYN K COACPKUMOMY

KapTbl, B TOM YHCJIE K OT/JICIbHBIM CJIOSIM, OOBEKTaM U aTpudyTam,
* cepBHC M300paXEHUH-TIPEOCTABIAET JOCTYN K HabopaM pacTpOBBIX
JAHHBIX, B TOM YHCJIe K 3HAUEHUSIM MHUKCENel, MeTalaHHBIM U KaHallaM,

* CepBHC I'€OKOJUPOBAHUSA-00ECIIEUMBAET MOMCK OOBEKTOB Ha KapTe IO

azpecy, a TaKKe OMpeaeNcHUE aJpeca YKa3aHHO! Ha KapTe TOUKH,

* CepBHC I'€OJaHHBIX-TPEIOCTABIACT JOCTYN K COAepKaHUIO Oasbl reo-

JAHHBIX IS 3aIIPOCOB, U3BJICUCHHS U PETUTHKAINH JaHHBIX,
* CEpBHC CETEeBOr0 aHaJIM3a-00ecIeuMBAET aHAJIN3 TPAHCIOPTHON CETH,
MOCTPOEHUE ONTUMAIFHBIX MapIIPYTOB,
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* CcepBHC Te000pabOTKU-TIPEIOCTABISIECT BOZMOKHOCTD MOJICITUPOBAHUS U
aHaJM3a MPOCTPAHCTBEHHBIX OTHOIICHUH (TPOTHO3UPOBAHKE PACTIPOCT-
paHeHUs HAaBOJHCHUS!, aHAJIN3 3aKOHOMEPHOCTEH BO3HUKHOBEHUS BCIThI-
miek 3a001eBaHui 1 JIp.).

Jns cramapruzanuu co3naBaeMbix ['MIC-cepBuCOB U oOecriedeHus: BO3-
MOKHOCTH JOCTYIa K HUM W3 Pa3IMYHBIX MPHUIOKCHUIN HCIONB3YIOTCS CTaH-
naptel kKoucopimyma OGC (Open Geospatial Consortium)cHOBHBIMI CTaH-
naptamu ' IC-cepBUCOB SBIISIOTCS:

Web Map Service (WMS)sis paboTsl ¢ KOJIUIEKIUAME CIOEB Kak ¢ Kap-
TOTpapUISCKUMU U300PKESHUSIMH,

Web Map Tile Service (WMTS)ss paboThl CO CIIOSMH KapThl KakK C JIUC-
TaMH K3II1a KapThl,

Web Feature Service (WF@)et paboTsl ¢ TaHHBIMH KakK ¢ BEKTOPHBIMU
MPOCTPAHCTBEHHBIMU O0EKTAMH,

Web Coverage Service (WC&)s paboTHI ¢ JaHHBIMH KaK C paCTPOBBLIMH
MOKPBITHSIMH,

Web Processing Service (WPS)s npenoctaBieHHs HHCTPYMEHTOB T'€0-
00paboTKH.

IIpozpammnoe obecnevuenue BI'C-Apmenusn

BT'C noctpoena Ha 0CHOBE MPOTPAMMHBIX MPOJAYKTOB CBOOOTHOTO TOJIB30-
BaHUsI, 4TO JIeNIaeT €€ JOCTYITHOM B MHTEPHETE MPOU3BOIILHOMY TIOJIB30BaTEIIO,
B TO X€ BpeMs 00CCTEeUYMBACTCS B3aMMOJCHCTBHUE C HAIIMOHAJIBHBIMU CHCTE-
MaMH, CTaHAapTaMu U (HopMaTaMH MPOCTPAHCTBEHHBIX NaHHbIX. BI'C ucmons-
syet Linux (Debian)cepsep, Apacheun Tomcatseo-cepsepst. s ynpaBieHus
PEISLIMOHHBIMHU 0a3aMK JTaHHBIX MCIOJb30BaHa cucreMa Postgre SQL. GeoSer-
Ver mpesocTaBseT JOCTYI K MPOCTPAHCTBEHHBIM JIAHHBIM U BO3MOXKHOCTH MX
WHTEPaKTHBHOW 00pabOTKU ¥ penaktupoBaHusi. GeoServerrakxke BH3yalu-
3UPYET JaHHBIC B AKTYalbHBIX KapTOrpapuyecKux MPOTPAMMHBIX MPUIIONKE-
HUAX JUI1 KapTHpoBaHuUs, Takux kKak, Google Maps, Google EartfYahoo
Maps u Microsoft Virtual Earth,a taxke cinyXur o CTBIKOBKH C
aktyanbHbiMu ['UIC, Takumu, kak ESRI ArcGISu np. Takke UCmoiab3yeTcs
OpenlLayersuyis otobpaxkeHus kapTorpadUyeckux JaHHBIX B BeO-Opayszepax B
BHUJIC TUIMTOYHBIX BeO-KapT.

Memaoannvie BI'C-Apmenusn

Kaxnmpiii TemaTudeckuii ciodi reobasel naHHeix BI'C-Apmenus ommcan
HAO0OPOM METAJaHHBIX B COOTBETCTBHM CO CTaHAapTaMu 1SO u mpuHIMIAME
INSPIRE ununatuBbl. B 00s13aTe/bHbI HA0Op METaJaHHBIX BKJIIOYCHBI ClIe-
NYIOIIHE JTUCKPETHBIC DJIEMEHTHI. 3arjiaBue KapThl, KIFOYEBBIE CIIOBA, IMPO-
CTPAHCTBEHHOE pas3pellieHne W/WiK Maciitad KapThl, OpraHU3aIlisl, OTBETCT-
BeHHas 3a MH(POPMAINIO, HCTOUYHUK JAHHBIX, aBTOP(bI), A3BIK(M), KPATKOE OIH-
caHue, JaTa COCTaBJICHUs, nata oOHoBIeHUs (Tabm.2). CBemeHus 00 aBTOPCTBE
B CIMCKE METaJaHHBIX, HIMCIOT BAXXHOE 3HAYCHUE, KAK JJIS 3al[UThl aBTOPCKHUX
npaB, Tak U 00ECTCUeHHs OTBETCTBEHHOCTH 3a JIOCTOBEPHOCTh MH(MOpMAIUH.
MetanaHHble B CUCTEME TaKXe O0ECICUYMBAIOT B3aWMOJICHCTBUE C JIPYTUMH
reornopraiamMu.
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Tabnuma 2
Meranannsie cnost “I'ocymapcTBeHHas rpaHuna ApMeHun”

3arjaBue KapThbl T'ocynapcTBeHHast rpaHuiia ApMEHUH

KiaroueBble cjioBa I'panuna, Apmenus

IIpocTpancTBeHHOE pa3penieHHe W/ MK 1:100.000

MacmTad KapThl

OpraHu3anusi, 0TBETCTBEHHAs 3a HAH PA, UT'H, JlabopaTopus

uHpopManmo reoMH(pOPMATHKH

HCTOYHHK TAaHHBIX Tonorp. ocHoBa M-0 1:100000

Astop(bI) ---

SA3pik(u) AHrmicKuil, apMsHCKHN

Kpartkoe onucanue Jluneitnsiii cnoit, WGS 84, ArcMap
10.2.1,

JlaTa cocraBieHusi Jut/mMm/Tr

JlaTa oOHOBJIEHHS Jut/mMm/Tr

Bo3moscnocmu mooenuposanusn 6 BI' C-Apmenusn
Komnonent moaenupoBanust BI'C-Apmenus Bximoyaet udpoBbie MOJEIH,

paspaboTanHsie aBTOpaMu B popme nporpammubix I UC-npunoxxennid. Monpenn
WCTIONB3YIOT Teo0asbl JaHHBIX U nporpaMmbl BI'C mis perieHus npeacraBieH-
HBIX HIDKE 33734,
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1. IlocTpOeHue KapT TEHEBOTO penbeda, yrioB HAKIIOHA, PKCIIO3HUIIHH, TO-

PU3OHTAIBHONW M BEPTUKAIBHOW KPHUBHU3HBI CKIOHOB MO JAaHHBIM a0-
COJIOTHBIX BBICOT. [lepeuncienHsie MopdOMETpUYECKHE KapThl HC-
MIOJIb30BaHBI C LENbI0 aHanu3a penbeda ApMEHHH, BBIICICHUS MOpQO-
CTPYKTYp, ONMCaHMs CTPOCHHSI PEUHBIX 0ACCEHHOB, pelIeH s THAPOIIO-
TUYECKHUX U IKOJOTHYECKHX 3aJad, TUIAHWPOBAHUS yIIPABICHUS BOIHBIX
PECYPCOB, OLIEHKH U KapTUPOBAHUS MPUPOAHBIX OITACHOCTEH.

. I'paduueckoe mpencTapieHne U aHAIN3 THIICOMETPUH pelibeda TeppH-

TOpUH W pPeuHBIX OaccelHOB. Brrumcisercs pacmpe/elicHue IUIomaan
TEPPUTOPHUH IO 33JaHHBIM BBICOTHBIM IOSICAM, CTPOUTCS THCTOTpamMma
W WHTETpalbHAs THIICOMETPUYCCKass KpuBas. [laHHBIE HCITONIB3YIOTCS
JUTS. KOTMUECTBEHHOTO ONKCaHusl penbeda TeppuTopuil U aHanmsa 3po-
3MOHHOTO pa3BUTUS peilbeda pedyHbx OacceiiHoB (ABaksH © 1p.,

2010).

. Beinenenue mopdoctpyktyp Ha ocHoBe LIMP myrem ananuza mopdo-

METPUYECKUX KapT. MoJielib aBTOpaMH HCIIOJIb30BaHa C IIENbIO BbIE-
JIEHUsI KPYTOBBIX MOP(GOCTPYKTYp, Ha Teppuropun Apmenuu (Piloyan
et al., 2016)Mopens B yrciae APYrHX MPHEMOB aHAIM3a MOPPOMET-
pUYECKHX KapT, 3Q(HEKTUBHO UCIIONB3YETCS TAKKE C IENBIO BBIICICHHS
nuaeamenTtos (Jordan et al., 2005).

. FeOMeTpI/IHCCKI/If/’I AHAJIM3 3PO3UOHHOI0 PA3BUTUA PCUHBIX PYCCII MYTEM

COIIOCTABJICHUSI TEOPETHUYSCKON (HOPMBI PaBHOBECHOTO MPOIOIBHOTO
npoduist ¢ hopMoii pycna peanbHOM peku. C UCTIONB30BAHUEM JaHHON
MOJIENTM BBITIOJIHEHA TUIH3ANUs (POPMBI MMPOAOILHOTO IPO(HIIS pycen U



KIaccupUKalMsg PeK MO 3TOMY TMPHU3HAKY, a TaKKe 30HUPOBAHUE
Oacceiina o3epa CeBaH MO YCIOBHUSM 3PO3HH, aKKYMYJISIIIUH U TIOBEPX-
HOCTHOTO cToKa (ABaksiH u zp., 2010).

. KonupoBanue pex, BOIOCOOpHBIX 0acceiiHOB € y4eTOM HX DKOJIOTH-
YECKUX XapaKTepUCTHK. MoJienb pealin30BaHa Ha IPUMEpPe TEPPUTOPHH
ApMeHUH W TpeAjiaracT CHCTEMY KOAMPOBAHHS BOIHBIX OOBEKTOB IO
KOMIUIEKCY WX TMPOCTPAaHCTBEHHBIX M aTPUOYTHUBHBIX XapaKTEPHCTHUK,
OIIpeIeIEHHBIX TPeOOBaHUAMK BOIHOM pamMouHOil mupekTuBbl (BPJI)
EC u BomnpiM 3akoHOmaTenscTBOM PA. KoMrutekcHbI Kox KaKaoro
BOJHOTO OOBEKTa COCTOMT W3 CIEAYIOIIMX TPYII ONpeAeTHTeNeH:
uaeHTH(GUKATOp B THAPOrpadUIecKoil CETH CTpaHbl U B CHUCTEME KO-
mupoBanus EBpocoroza, cratuueckux atpuOytoB B cucteme BPJI EC,
KOABl JUHAMHUYECKHX aTpHOyTOB, XapaKTEpU3YIOIIUX AaHTPOIOTEHHOE
BO3/IEICTBHE Ha BOJHOE TeJ0, KAYECTBO BOJIBI U AKOJIIOTHIECKOE COCTOS-
HUE BOJHOTO Tela. BKJrodueHWe CTaTW4YeCKWX M JUHAMHYECKUX aTpHh-
OyTOB BOAHBIX OOBEKTOB B CHCTEMY KOAWPOBAHMS MO3BOJSECT YHH(H-
[IUPOBaTh MPOIEAYPY OICHKH W aBTOMAaTU3WPOBATh KapTHUPOBAHUE
9KOJIOTUYECKOTO COCTOSHUS BOJHBIX 00beKTOB (ABaksH u jp., 2011).

. Pa3nenenne BOAHBIX OOBEKTOB Ha OJHOPOJAHBIC BOAHBIC Tenma (water
body delineation)mo caexyrommM mpU3HAKaM: THIICOMETPHYECKOMY
MOJIO’KEHUI0 OaccelfHa, ruaporpadaecKkuM MprU3HaKaM, TUIIAM HCTOY-
HUKOB aHTPOIOT'CHHOTO JAABICHUS, CTEIIEHH THAPOMOP(OIOTHYECKOrO
W3MEHEHUs] pycell. BrigeneHne BOAHBIX Tel SBISIETCS HEPEMEHHBIM
YCIIOBHEM IIJIAHUPOBAHMS YIPABICHHUS BOJHBIX pPecypcoB. JleTambHbie
WCCIIEIOBAHUS C peaju3alfieii MOAENH BBINOJIHEHBI B OacceifHe peKu
Arcres (ApakensH u ap., 2011).

. Pacuer 3aBHCHMOCTH CPEIHETOIOBOTO MOZYJSI TIOBEPXHOCTHOTO CTOKa
OT CpeIHEB3BEILECHHOI BBICOTHI PEUHBIX OacceliHOB. Moenb BKIIOYaeT
0a3y IaHHBIX JOJTOBPEMEHHOTO THAPOJOTHYECKOrO MOHHTOPHHTA,
LMP, mporpammbl pacueTra CpeJHEroJOBOTO MOIYJSl CTOKAa, HOPMBI
CTOKa B TMPOU3BOJIEHOM CTBOPE PEKH W JPYTHX aKTYalbHBIX THIPO-
noruyeckux 3amad (Muamakausd u ap., 2010).

. OueHka u KapTHUpOBaHWE YSI3BUMOCTH HaceJeHus. JlaHHas Monens pas-
paboTaHa HCXOAS U3 MOIXOI0B U METOAOB OLICHKH YSI3BUMOCTH HaceJe-
HUSl B KOHTEKCTE MPUPOIHBIX W TEXHOTCHHBIX KaTacTpod, OJHAKO, BBI-
YHCTICHHBIA 0000IIEHHBII HHICKC YS3BUMOCTH U OTIEJIbHBIC €€ KOMIIO-
HEHTHl MPUMEHUMBI TaKXe JUIA IKOJOTHYECKHX WU COIHAIBHO-IKOHO-
MHUYECKHX KaTacTpod. Momens BKIIOYAaeT HEePapXUUECKyI0 CTPYKTYpPY
WHJIEKCA YS3BHMOCTH HacelleHus, 6a3y HaHHBIX (PaKTOPOB YSA3BHMOCTH
U pe3yJibTUpYyIoIKe HU(pOBBIE CIOH. B memom ans omeHKH U Kap-
TUpOBaHUsI 0000IIEHHOTO UHJIEKCa YA3BUMOCTH HACEJICHUS, B TOM YHC-
Jie COCTaBISIOIINX MHIUKATOPOB CIIOCOOHOCTHU aAarTalyu, CIIOCOOHOC-
TH TIPEOJIOJNICHUSI U BOCIPHUHMYHBOCTH, HCIONB3ytoTcs 29 (akTopos,.
Take OTICIBbHO OLECHUBAIOTCS IOKa3aTean (U3NYECKOH, COLMAaTbHON
¥ SKOHOMHYECKOH BOCIPUUMYHBOCTH, YTO TTO3BOJISIET BHISIBUTH HAan0O0-
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Jee ys3BUMbIe (DAKTOPBI IS KaKAOTO pernoHa. PesynbraTel JaHHOMN
MOZIEIH MOTYT OBITh MCIOJIB30BAaHBI B IJIAHUPOBAHUU PETHOHAIBHOTO
Pa3BUTHA U CHIDKEHHH PHUCKOB KatacTpod, B YaCTHOCTH, AJIS BBISBIIC-
HUSI TIPHOPUTETHBIX MEPONPHUSITUH CHIKEHHS YSI3BHUMOCTH HacENCHUs
JUTSL KKJOTO PEervoHa.

9. IlpocTpaHCTBEHHBIH aHANM3 U KapTorpaduveckoe MpeAcTaBIeHUE reo-
XMMHYECKHX Toseil. Moaens MOo3BOJSIeT CTATUCTUYECKUMH METOJaMu
PELINTH CIIEAYIONINE TeOXMMHUUECKHE 3a1auil U aBTOMAaTH3UPOBATH I10-
CTPOCHHUE CIICINATN3UPOBAHHBIX IU(PPOBBIX TEOXUMUIECKUX KapT: aHa-
JIM3 B3aUMOCBSI3U COJICPKaHHUI 3JIEMEHTOB (MapaMeTPUUSCKIMH U Hema-
paMeTPUUYECKUMH METOJIaMH), aHAJIH3 OJHOPOTHOCTH T€OXHMHYECKOTO
noJis (Ha OCHOBE CPEHEro COACPIKAHUS M CTAaHIAPTHOTO OTKIOHCHUS),
OLICHKY (DOHOBBIX M aHOMAJBHBIX COJCP)KaHMH, ONpeAeIeHHe OITH-
MaJIbHOTO KOJHMYECTBAa MPOO Ul IOJydeHUs] JOCTOBEPHBIX pe3ysbTa-
TOB, IOCTPOCHHE CNICIUATM3UPOBAHHBIX TEOXUMUYECKUX KapT (MOHO-
TIOJIMAJIEMEHTHBIE TEOXUMUYECKUE KapThl, KAPTHl aHOMAIBHBIX M (OHO-
BBIX YYaCTKOB, KapThl 30HAJILHOCTH 10 BBIYHUCICHHBIM aJJUTUBHBIM U
MYJIbTHIUIMKATUBHBIM TOKa3aTelsiM). Takke BO3MOXKHO OLCHUTH CTa-
THCTHYECKHE MapaMeTphl U 3aKOH PacIpeiesieHns] BBIOOPKH, Ha OCHOBE
4ero npejiaraeTcsi Hanbosiee NOAXOAAIINN METOJl aHAN3a, JUIS TOJTy-
YEHUsI JOCTOBEPHBIX Pe3ysIbTaTOB. Mo/elb NCTIONB30BaHa, TS aHAIN3a
CTPYKTYpBl TE€OXMMHUYECKOTO MOJsI ArapakcKoro MexHO-MOJHOIEHO-
BOT'O MecTOpokaeHHs u OacceriHa p. ['exu (ABaksH u nap., 2009;Ma-
nausad, 2009).

3akioueHune

OnucanHas B ctaThe pa3padboTka aBTopoB BI'C-ApMeHus, GyHKIIMOHAIBHO
Y TI0 COBOKYITHOCTH KOMIIOHEHTOB. OOIIMPHOW MO TeMaTHKE reo0asbl NaHHBIX,
BO3MOXKHOCTSIM MYJBTHTEMAaTHYECKOTO T€OMOCIUPOBAHUS, WHTCPAKTUBHOTO
kapTorpadupoBaHus U myOnukaiuu B IHTepHETE 31IEKTPOHHBIX KapT COOTBET-
cTByeT HoBOoMY TToKoyieHHIO BeO-1 MIC. OmbiT paboT, BHITTOJTHEHHBIX aBTOPAMHU B
9TOH cpene nokazanu 3(h(HEKTUBHOCTD €€ UCIIONB30BAHUS JIJISl PEIICHUS Hayd-
HBIX 3a1a4d. B tekymem coctossann BI'C-ApMeHus B TOCTaTOYHON Mepe Ipen-
CTaBJISIET PEATbHYIO TeorpaduiecKyro cpeay, a Takke OCHOBHBIE OCOOCHHOCTH
T'COJIOTHYECKOTO CTPOCHUS TEPPUTOPHH APMEHUU YISl TOTO, YTOOBI €€ UCIOIb-
30BaTh, KaKk HH()OPMAIMOHHYIO ¥ METOJMYECKYIO TUIATPOPMY JUIS ONpE/IeIICH-
HOTO Kpyra Hay4YHBIX MCCIIEZIOBaHNI, OCHOBAaHHBIX Ha MOJICTMPOBAHUHU Pa3IHy-
HBIX TI0 MPHUPOJE MPOCTPAHCTBEHHBIX MPOIECCOB M IPYTHX 3a1a4 C HCIOIb-
30BaHueM reouHpopMmaiui. Muade rosops, BI'C MoXeT Cly’>kUTh MHOTOIIPO-
(GUIBHON HCCIeNoBaTeNIbCKOW JabopaTopuel, OCHAIIEHHON OOIIMpPHOW Mpo-
CTpaHCTBEHHOI nHpopManuer 1 UHTepHeT-cepBHCOM.

BI'C-ApmeHnus cnocoOHa 0OMEHUBAThLCS T€0IaHHBIMU, METOJAMH HX 00pa-
OO0TKH 1 MOJIETTMPOBAHKC C PACCMOTPEHBIMH B JAHHOM CTaThe NPYTUMHU THIIAMH
BeO- ['MC. Takas ¢pyukuus BI'C Oyner BaykHa Hpy HOSBICHUH B TajIbHEHIIIEM B
Apmennu TooOHBIX el BeO-cucTeM. B HacTosmiee BpemMs aBTOpHI OyayT pa-
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00TaTh B HOBOM Ba)KHOM HAIIpaBIICHUH, LIE€Jb KOTOPOH, YCTAaHOBIIEHHE CBS3U
BI'C ¢ cucreMamMu MOHHTOPHHTA MPUPOTHBIX TTPOIIECCOB.

ABTOpPBI 3aWHTEPECOBAHBI B JajdbHEHIIEM pa3BuTHH U pacmmpenun BI'C,
4T0 OYyJIeT BO3MOXHO MpPH YCIOBUH €€ MHOTOTEMAaTHYECKOTO W MHOTOIPO-
(PMITBHOTO UCIIOJIB30BaHUS, IPU YYACTUU CIICIIUATMCTOB PA3HBIX TPOQHUIICH.

ABTOpBI HAJCIOTCSI, YTO JAHHAs CTaThs TAKXKE IMOCIYKUT PACUIUPECHUIO
BI'C, xakx uHGOPMAIMIOHHOTO TPOJYKTA, ¥ PA3BUTHIO WHUIIMATHBEI (POPMHPO-
BaHHUS OPraHU30BAaHHOTO M OTBETCTBEHHOTO HAYYHOTO COOOIIECTBA IMOJB30Ba-
teneit Be6-I'UC.
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Udthnthnid

znnudp tyuwnwl nith puptpgnnhtt Swinpugil] Zwjwuwnwih
nwpwéwlut njujubph pndutinunipyut, juquuibpydwiu dbh b
npuig Upwljuwtt mt oguuugnpédw Yhp-hwdwljupgh $niulghntiuyg
htwpwynpnipnitutph htwn: Upjowphwgqpuljumt wdjuutph htupp
(geodatabaseyinbtnsdyt) t 22 @UU QP Ghnhubnpuunhlugh jupnpu-
nnphugh puquudju wptwwnwiph wpyniupnid, hulj hwdwlwpgp, npp
htnhtwlubpp punipwugpnid B npybu Jhpuniniw) wpiwphwgpujub
dhowduyp (AUU), wdthnhyt) £ Jtipohtt mwuphubpht: Znpduénid twb
npjws L wpnh Jbp-USZ-ukph hwdbdwunwlwt tjupwugpnipniup b
htnhuwlubph juquwsd hwdwljupgh wnknp nputg swppnud:

Ugjnwuphwgpuljut mbkntjunduljut hwdwlupgbpp ujuws 2000-
wlwt pulwbttphg ujukghtt qupquiu npuytu wngug hwdwlup-
glip (online-GIS),u JwhiJws nputg bywwnwlhg nt phdwnhly ninnjw-
smpjniihg wnwe Llwl npuig npnowlh wwppbpuljubp  «wspiwp-
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huwgpujut niptjunjujut nupusnipmniis (USS), «nwpuswuljut
njutph Eupuluengfusp» (uy pynd wqquyhtt dwlupnulng),
<«ppniniw] wppnwuphwgqpujut dhowduyp» (AUU), «wnguig ybp-
wwnjuulikp», «dnithghwywy USZ>»: Znnjusnid inpdus k npubig qgnpdw-
pnyputph b nbinEjunujut htwpwynpmipnitttiph hwdbdwnwlut
uupwughpp: 8nyg k wipynud, np Gplyph dwuht b hwpwljhg njnpunitph
ghnnujut hbnwgnunipniutiph hwdwp wpwybt] hwpdwp nknkhw-
njuljuwb wnpnip b gnpdwpnyputp npudunpnid Eu USS-t nt AUU
hudwlwupgbpp:

ZnpJuénid dwbpudwut tbpjujugdus bt AUU-Zujuuinut hw-
dwjupgh pununphsubppnpnip B’ 1. mupuwdwljut wmyjuiutph htup
(geodatabase), 2. mwpwswlwb b dwdwbwluwht wpngbhutubph dnnbjukp,
3. pyuyhlt pupunkqutph b mwpwswlw nyjuukph htupkp, jpudowy-
dwl (update) huwnbpdtju, 4. Jbnnwwnjujutph htup, 5. hwdwlwupgp
wnguiig oginugnpskint gnpdwnnypubn:

VIRTUAL GEOGRAPHIC ENVIRONMENT OF ARMENIA:
CONTENT, CAPABILITIES AND APPLICATION

A.A. Avagyan, A A. Arakelyan, H.M. Manandyan, A. H. Nersisyan
Abstract

The aim of the article is to present the contentthe spatial data of
Armenia, the form of their organization, processargl application as a web-
GIS. The geodatabase was created in the LaborafoBeoinformatics of the
IGS NAS during many years. The system has recdrfn summed up as a
Virtual Geographic Environment (VGE). The articldsa provides a
comparative description of existing web-GISs andinds the place of the
system compiled by the authors.

Since 2000s GIS have been developed as onlinensysgad several
versions in respect to their goal and thematic leen formed: Geographical
Information Space (GIS), the Spatial Data Infrastite (SDI) — at a national
level (NSDI), Virtual Geographic Environment (VGE)nline web-Atlases,
Municipal GIS etc. The article also provides conagpiae description of the
functions and the information capabilities of tl®ae mentioned systems.

It is stated that SGIS and VGE provide source®lgvant information and
functions for Earth science research and explaoratespectively. The typical
components of this systems are as follows:1. gebdae, 2. spatial and
temporal process models, 3. geodatabase, updatitezfaice, 4.metadata
repository, 5. online application of the system.tle article, the mentioned
components of the VGE-Armenia are presented inldeta
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B crarbe npezacTaBieHbl 00J1aCTh IPUMEHEHHS U OCHOBHBIE TEXHHUYECKHE Xapak-
TEPUCTHUKH, & TAKXKe IPEHUMYIIECTBEHHbIE OCOOCHHOCTH pa3pabOoTaHHOTO MHOTOLEe-
BOTO amNIapaTHO-TIporpaMMHoro mmepurens «Vector-Geo» bnaronapst ceoum QyHk-
IUOHAIEHBIM OCOOEHHOCTSIM, MPECTaBISIETCS ero MHUPOKOe MPUMEHEHHE IIPU MpOoBe-
JICHUH Hay4HO-HCCIICIOBATENbCKUX 3JICKTPOpa3BeouHbIX pabot. IIpennaraemblii
KOMILIEKC MOXKET OBbITh moJie3eH uisl 3 (GEKTUBHOIO OCBOCHUSI y4eOHO-TIPAKTUYECKOTO
MarepHaia 1o jgaboparopHoMy kypcy «llempoinekmpuueckue uccnedosanus oopas-
Uoe u mooeneil 20pHpIX nOpoo u pyo» n «Duzuueckoe modenuposanue — nexm-
POpPAa3z6ed0unbLii RPAKMUKYM.

B HacTosI1ee BpeMs JOCTATOYHO IUPOKO MPUMEHSIIOTCS JCCATKU DJIEKTPO-
Pa3BeIOUHBIX METOJ0B W HMX MOoAM(UKAIUi, pa3paboTaHO MHOTO CIOCOO0B
TCOdJICKTPOPA3BE/IKH, MPEIHA3HAYCHHBIX JIJIS PEHICHUS Y3KOCEeIHATH3UPO-
BaHHBIX T'€OJIOTUYECKUX 337[ad B KOHKPETHBIX T'eOJOr0-reO(pU3NUECKUX yCIIo-
BUsiX. Ha mpakTrke Bce STH METOJIBI M CIIOCOOBI PEATU3yIOTCS C TIOMOIIIBIO OCO-
OBIX CIEIMATU3UPOBAHHBIX KOMILICKCOB amMapaTyphl. Y3Kas CrenualTn3arivs
MO3BOJISIET CO3/IaTh OTHOCHUTEIILHO MPOCTYIO, JIETKYIO, TOCTATOYHO HAICKHYIO U
JICHICBYIO aMmaparypy, NPUTOTHYIO MJIs SKCIUTyaTaluu (8blcOKONPOU3800u-
menbHyl0) B CIIOXKHBIX TIOJCBBIX YCIOBHsAX. OMHAKO 3a4acTyiOo Ui PEIICHHS
MOCTABJICHHOH 3a1auu (0COOEHHO npu U3yUeHUU CLONCHBIX 2e0INEKMPUYECKUX
cpeod 8 pyoHwix obracmsax) TpedyeTcs MPOBeIEHIE HCCIIET0BAHNI HECKOIBKUMH
3NIEKTPOPA3BEOYHBIMUA METOJJAMH M UX MOAUDUKAIMIMU (npumenenue payuo-
HALHO20 2NEKMPOPA3EEO0UHO20 KOMNIEKCA C Yeablo NOJYUeHUs 6oaee 00Cmo-
6EPHO20 U NOJHOYEHHO20 UCXOOHO020 Mamepuana). [Ipu 3TOM NpPUXOIUTCS
MPEOoJIoNIeBaTh 3HAYNTEIBLHBIC TPYIHOCTH Ha Pa3HBIX CTaIUsAX pa0oT, CBA3aHHbBIC
C 0COOCHHOCTSIMH KOHKPETHO MPUMEHSIEMBIX Y3KOCICIIHATH3NPOBAHHBIX METO-
UK (npu noesvIX usMepeHusx 6 pesyibmame UCHOIb306AHUS. PA3HOU annapa-
mypul co cneyugpuueckum 0060pyodosanuem, 00pabomku OAHHbIX KOHKDEHHO
BCMPOCHHBIM NPOSPAMMHBIM 0becnedeHuem U CO8MEeCmHOU uUnmepnpemayuu
3a4acmyio mpyoHo COnOCMaAgUMbIX Pe3yIbIMamos).

TpaUITUOHHO CIIOKWIIOCH TaK, YTO U CETOJHS TOYTH BCE BHUIBI CEPHUITHO-
BBIITYCKAEMOW DJICKTPOPA3BEAOYHON ammaparypbl MOXXHO OOBEJAWHUTH B TSThH
OCHOBHBIX KJIacCCOB (no mpusnakam OAu30Cmu Onpeoensemvlx napamempos,
NPUHUMAECMBIX U USMEPAEMBIX CUSHATI08 U OOWHOCMU CIMPYKMYPHBIX U DYHK-
yuonanvuwvix cxem) (bodposuukos u ap., 1985;2nekrpopassenka, 1989),mos-
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BOJISIIOIIMX BBITIOJIHATH JJIEKTPOPA3BEJAOYHbIC HCCIEOBAaHUS C HCIOIbh30Ba-
HUCM:
* TIOCTOSTHHBIX U OY€Hb MEJICHHO U3MEHSIONINXCS AIEKTPHUYECKHIX TTOJICH
UCKYCCTBEHHOTO M €CTECTBEHHOTO MPOUCXOXKICHUS,
* HECTAIIMOHAPHBIX UCKYCCTBEHHBIX PICKTPOMATrHUTHBIX TOJICH,
* 3JICKTPOMArHUTHBIX MO 3BYKOBBIX U HH(PA3BYKOBBIX YacTOT,
* MoJIel pagnuoyvacToT,
* ECTECTBCHHBIX 3JICKTPOMArHUTHBIX TOJNeH 3eMIM, U3MEHSIONIUXCS IO
CITy4ailHbIM 3aKOHaM.

CrnenyeTr oOpaTUTh BHUMaHHE, YTO B ATOW KIacCH(UKAIUU OTCYTCTBYIOT
CHOCOOBI MCCIIEIOBAHUN METOJIOM OJTYKIAolINX TOKOB, OCHOBaHHBIC Ha H3Y-
YCHUH TEO3JICKTPUYECKOW CpeAbl B TPOMBIIUICHHO Pa3BUTHIX PETHOHAX II0
0COOEHHOCTSAM IMPOCTPAHCTBECHHO-BPEMEHHOTO PACTpE/ICICHUs] HecTallHoHap-
HOTO TEXHOTE€HHOro 3JjieKTpoMarHuTHoro mojas (TIMII). TeoperuuecKkum
OCHOBaM, METOJIMKE U3MepeHHl, 00pabOTKM M UHTEPIIPETAIlMN JTAHHBIX TTOCBSI-
meHo Hemaino pabort (Muctpykius ..., 1984;CkBaxkunHas ..., 1989;3nekrpo-
passenka, 1989; MaresocsiH, 2003), 1 HeCMOTpsT Ha HEMPEPHIBHO BO3PACTAIO-
IIYI0 aKTyaJIbHOCTh TaKUX AJIEKTPOPA3BEIOYHBIX PabOT, BBUIY CIOMXKHOTO OCO-
00-M3MEHYMBOTO XapaKkTepa MPOSIBICHHUS TEXHOTCHHOTO JJIEKTPHUYECKOTO OIS
(uzmensrowezocs nenpeockazyemvim (cnyuaiinoim) obpazom) B peaabHOR Teo-
3JIEKTPUYECKON Cpele M OTCYTCTBUS COBPEMEHHOH MHOTO()YHKIIMOHAIBHOM
M3MEPUTEIFHON amnmapaTrypbl ¢ COOTBETCTBYIOIIMM IPOTPAMMHEIM olecreue-
HUEM, YKa3aHHBI METOJ] HUKaK HE HaXOAHUT CBOETO JOHKHOTO IPUMCHECHHUS.

TeopeTnueckre OCHOBBI €IMHOW (0nMUMU3UPOBAHHOLU) METOTUKY JIEKTPO-
pa3BeOYHBIX HCCICIOBAHUI rabBAHUUCCKUM (KOHMAaKmHubiM) CIIOCOOOM BEK-
TOPHBIX M3MepeHwuii npuBeneHsl B (MaresocsH, 2003),rae Ha GOIBIIOM KOHK-
peTHOM Mmatepuaine (nymem mMamemamuiecko2o0 MOOEIUPOSAHUsL U YUCTEHHBIX
pacuemos, Pu3uYecKko20 MOOeIUPOBAHUS U ONLIMHO-MEMOOUYECKUX NOJIeBbIX
uccnedosanuii) MokaszaHa BeICOKas 3()HEKTHBHOCTh Takux u3bickanuii. Kpome
ATOTO CJIEJYeT TMOMYEPKHYTh, UTO BBIMIOJHEHHE PAIMOHAIBLHOTO JJIEKTPOpa3-
BEJIOYHOTO KOMIUIEKCA (BHympumemoonoe KOMNIeKCUposanue), B UTOTe M03-
BOJISIET TIOJIyYUTHh BBICOKOMH()OPMATHUBHBIA WHTEPIPETUPYEMbI MaTepHal,
MPUTOAHBIA JUIS TPOAYKTUBHOTO COIOCTABJICHUS C JIAHHBIMH, MOJTYYCHHBIMHU
JPYTHMH T€O0JIOTO-TeO(PH3NISCKUMU METOAAMH.

B cBsi3u ¢ aTEM pa3paboTka U co3jgaHue 00Jee YHUBEPCAILHOW HAy4YHO-
HCCJICIOBATEIBCKON amlmapaTypbl, TO3BOJISIONICH BIMOIHATH 3KCIICPUMEHTAIh-
Hbie (nonesvie u aabopamophvie) KOMIUIEKCHBIC OIBITHO-METOJANYCCKHE U
MPOU3BOJICTBEHHBIE AJIEKTPOPA3BEAOYHbIE PAaOdOTHl MHOTMMHU METOJAAMH U HX
MOJU(UKAINSIME, U CETO/IHS HE TIOTEPsIa CBOIO aKTYaIbHOCTb.

O4eBHIHO, YTO PEIICHUE MOCTABICHHON 3a/laud JOJDKHO OBITh OCHOBaHO
Ha TMPUMEHEHUU CHUCTEMHOTO IOAX0Ja ucciieoBaHuil. OCHOBHBIM 3BEHOM
TaKUX paboOT SBISETCS PETHCTPALUS TMOJHOTO (CYMMAPHO20) SIACKTPHUSCKOTO
nonst (Munumuzayueti oepanudenuti u 6e3 gurbmpayuil) B MIIMPOKOM JTHHAMH-
YeCKOM W YaCTOTHO-BPEMEHHOM JIMalla30He, BBICOKAas CKOPOCTh M3MEPEHUH U
u3BIICYCHUE TpeOyeMol MHPOPMAILIMK Ha CTaJAuU 00paOOTKH JaHHBIX C IpHUMeE-

43



HEHHEM pPa3HOOOpa3HBIX CIEIHATBHBIX MPOrPaMM TIPH BBITIOJIHEHHH HCCIIe-
JOBaHWH KaXKJBIM JICKTPOPa3BeIOUYHBIM MeTOIoM. KcraTh, cienyer oTMETHTS,
4To OOMICNIPUHATOE MOJABICHHE TapPMOHHUYECKOW ITOMEXH MPOMBIINUICHHON
YacTOTHl HEMOCPEJCTBEHHO B IpOIECCEe M3MEPEHHUH 3JIEKTPHUUECKUX IOJIeH B
UTOTEe MOHWKAeT MH(POPMATUBHOCTB, a 3a4acTylo, U OOBEKTUBHOCTh (9¢pghex-
MUBHOCMb) IEKTPOPA3BEIOUYHBIX UCCIICIOBAHUIA.

[Tpu penieHnn MHOTUX TeO(PHU3MIECKHX 3a/1ad HET HEOOXOJUMOCTH HCTIOIb-
30BaHMS CaMbIX YYBCTBUTEIHHBIX M BHICOKOTOYHBIX COBPEMEHHBIX H3MEpHTE-
neit. C qpyroi CTOpOHKI B 3aJ1a4ax dIIEKTPOPa3BEAKH YaCTO HEOOXOAUMBI JIJTH-
TENbHBIC CEPUU M3MEPEHHUH HECTAllMOHAPHBIX DJICKTPOMArHUTHBIX TOJNIEH ec-
TECTBEHHOI'0, UCKYCCTBEHHOTO M TEXHOTEHHOT'O MpPOHMCXOXIeHHA. B cBsi3M C
3THM K MpHOOpaM NpPEeABSBIAIOTCS JKECTKHE TPeOOBaHUS MO CTAOMIBHOCTH U
JUTUTETLHOCTH aBTOHOMHBIX M3MEPEHUI C BO3MOXKHOCTBIO 3aIIOMUHAHHS JITHH-
HBIX HETIPEPBIBHBIX PSIOB AaHHBIX (HAOEHCHOCMb UsMEPUMENbHOU annapamy-
pbl) 1 MakCHMaJbHON BH3yanu3allieil BCEro mpoiecca periucTpaluid B WHTE-
PaKTUBHOM PEKUME U3MEPEHUH.

HeocnopuMbIM 1OCTOMHCTBOM YHHBEPCAJIBLHOTO CUCTEMHOTO MOAXO0Ja H3-
MEPEHUH TaKkKe SBISETCS IOJNyYeHHE IOJHOLEHHOTO Oojee OOBEKTHBHOTO
BBICOKOMH(OPMATUBHOTO HCXOJHOTO MaTepualia, NMPUMEHHUMOTO W B Jallb-
HeWIleM Mpu MOCIeAYIONIEM U3YYeHUH KOHKPETHON TaHHOW Ie03IeKTPUUYECKOM
Cpelbl C WCIOJIb30BAaHWEM HOBBIX W COBEPIICHCTBOBAHHBIX KOMITHIOTEPHBIX
nporpaMM OOpabOTKH W MHTEpIpETalMy AaHHBIX 0e3 KaKux-Tu0o orpaHuye-
Huil. Pa3paboTka Takoro MHOTOLICIEBOTO HAYYHO-HCCIIEI0BATEIBCKOTO H3MEPH-
TEJBHOTO KOMIUIEKCa BBIITOJIHEHO NP (PMHAHCOBOH moanepxkke ['ocynapcTBen-
HOTO KOoMHTeTa 1Mo Hayke MOH Apmennn B paMkax HayqHOTO mmpoekta Ne 15T-
1E418

MHoroQyHKIIMOHANBHAS DIEKTPOPa3BeI0YHAsl MHOTOKaHAIbHAS U3MEpH-
TenbHas anmaparypa «Vector-Geo»pennasHadeHa Juisl IIOTHOICHHBIX JTabopa-
TOPHBIX DJICKTPOMETPUUECKHX HCCIICNOBaHUN (nempogusuka — uzyuenue
VOENbH020 INeKMPUYECcKo20 CONPOMUGIEHUs, NOAPUIYEMOCU 00pA3Yo8 20p-
HBIX NOPOO, pyo u mooenel, uzuueckoe mMooeauposanue ¢ UCHOIb308aAHUEM
6CMPOCHHO20 MATOMOWHO20 YHUBEPCATLHOSO 2eHepamopd NPsiMoy20IbHbIX UM-
nyIbCcos, pabomaioue2o 8 PasHblX 8PEMEHHbIX pexcumax usmepenutl). Paspa-
OOTaHHBI KOMIUIEKC MOXET OBITh NMPUMEHEH NPH MOJEBBIX IeOQU3NUIESCKUX
paborax (a1ekmpopazéedka — memooamu cORPOMUGNEHULL 8 PA3IUYHBIX MO-
ougpurayusx, 6bI36AHHOI RONAPUSAUUU 6 WUPOKOM HACTNOMHO 6PEMEHHOM
Juanazomne ¢ NpuUMeHeHueM OCHOBHBIX U CNeYUDUUECKUX BPEMEHHBIX PEHCUMO8
uzmMepenull, 3apada — ¢ UCHOIL308AHUEM NPAKIMUYECKU TTI00020 CepUiiHO BbINYC-
KAemoz20 31eKmpopasse0ounoc0 2eHepamopa NOCMOSIHHO20 WU HU3KOYAC-
MOMHO20 MOKA; OJIYHCOAIOWUX MOKO8, eCHEeCME8EHH020 oA, mellypudec-
KUx mokog u op.).

«Vector-Geo» sBiseTcsl KOMITBIOTCPU3UPOBAHHBIM KOHTPOJIEHOU3MEPH-
TEJBHBIM KOMIUIEKCOM Ha 0a3e peKOH(DUTYpUpYyeMOil MOAYJILHOU IIaT(hopMbl
CompactRIOkommanuu National InstrumentgCIIIA). B cocraB komiuiekca

44



TaKk)Ke BXOMAAT pasjInYHbIEé MOIYIH BBOJA/BHIBOAA aHAIOTOBBEIX M IM(POBHIX
CHUTHAJIOB.

Puc.1. Buemnuii Bua 1abopaTOpHOro KOMIUIEKCa IIPU UCCIEIOBAaHUU METPOIEKTPUIECKUX
XapaKTepUCTUK 00pa3IOB U MOl TOPHBIX OPOJ X PYA.

National Instruments sBnsieTcsi OMHUM W3 MHPOBBIX JIHICPOB B TEX-
HOJIOTUW BUPTYAITBHBIX MPUOOPOB M B Pa3padOTKEe W M3TOTOBICHHUM arapar-
HOTO W TIPOTPAMMHOTO OOCCIICUCHUSI JUIsi CUCTEM aBTOMAaTH3WPOBAHHOTO TEC-
tupoBanus (http://www.ni.com/compaiy

OCHOBHbIE TEXHUYECKHE XapaKTEePUCTUKU m3Mepurens «Vector-Geo»
* HaTMYHE MPOTPAMMHUPYEMBIX JIOTHUECKHX  HMHTETPATBHBIX  CXEM
(T C),

» yactoTa onudporku — 500, 5 '1/kanar,

*  paspsAmHOCTE aHajoro-mudposoro mpeobpaszosarens (ALIT) — 16, 24

our,

* KOJHMYECTBO KaHaioB — 4, 8, + ...,

* BXOJHOU amarna3oH Hanpspkenus — +10B, +0.5B,

* THUN KaHAIOB — IOJHOCTHIO H30JUpPOBaHHEIE, auddepeHInaIbHbIC

(mexncrananvnas snexmpuneckas uzonsyus — 1000B),

* OlepalyroHHas CHCTEMAa PEATLHOTO BPEMEHH,

* THIN JAaTYMKOB —3nekTpudeckue aumonn MN,

* BXOAHOC compoTuBicHUE —He MeHee 1 1'Owm,

* JMarna3oH BHEIHETO MHUTaroero Hamnpsbkenus — 9+30B,

* nuamnas3oH pabounx Temmepatyp — (-10++45jC.

Ammnaparypa «Vector-GeomokeT UCIOIb30BaThCsI C IEPCOHATBLHBIM KOM-
nbIoTepoM (HOYTOYKOM), CBSI3b C KOTOPBIM OCYILECTBIISCTCS 10 MHTEpdeicy
USB umm Ethernet.

Jlis perucTpaluiy yrpaBlieHHsT BCEM KOHTPOJIHLHOU3MEPUTEIHHBIM KOMII-
JIEKCOM Pa3paboTaHO CIEIHUAIFHOE MPOrpaMMHOE 00ECIICeUCHHEe, HAMMCAHHOS B
rpadudeckoii cpene nporpammuposanus LabVIEW (Eemzoxumos 1O.K. u ap.,
2007;®emocor B.I1., u ap., 2007; Bitter R., 2016).
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LabVIEW (Laboratory Virtual Instrumentation Engineering
Workbench — asto cpena paspabotku u 1uiaThopma ISt BBITOTHCHHS
porpaMM, CO3AaHHBIX Ha TPAPUUECKOM SI3BIKE MPOrpaMMupoBaHus «G»
¢upmbr National Instruments LabVIEW wucnons3yercs B cucremax
coopa 1 00pabOTKM JAHHBIX, @ TAKXKE JUIA YIMPAaBICHHUS TEXHUYECKUMU
00BEKTaMH ¥ TEXHOJIOTHICCKUMH IPOLIECCAMH.

[MporpammHuoe obecrieueHre IO3BOJISET ONEPATHBHO HACTpaWBaTh Iapa-
METpbl TEHEpaLH MPSIMOYTOJbHBIX HMMITyJIbCOB M KaHAIOB cOOpa MaHHBIX,
MPOU3BOIUTE U3MEPEHHS M BBIOJHATH NPEIBAPUTEIBbHYI0 00pabOTKY C BBIBO-
JOM pe3yJbTaTOB Ha pa3W4HbIe rpaduyeckue U IH(POBBIC UHIUKATOPHI B
pearbHOM MacmTade BPEMEHH, a TaKKe 3allUChbiBaTh JaHHbIE B T DMSdaiiint
(npu HeobxoOumocmu 0151 HenpepvisHO2O NPOCMOMPA \NPOKPYMKU H4ACMUYHO
U 6ce20 npoyecca usMepeHull ¢ Ucnov3osanuem npozpammuozo naxema NI
Diaden), rpadpuueckue *.pngdaiinel B TpeOyeMble MOMEHTBI PErHCTpAIN
JNMEKTPUYECKUX TIOJICH B pealibHOM MaciuTabe BpemeHu n Exceldaitmsr mis
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Puc. 2. OcHOBHBIE NaHEIH IPOrPAMMHOTO 00ECIICUSHUS AT YIPABICHUS IPOLECCOM U3MEpeHHI
B HHTEPAKTHBHOM PEXHUME.
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JanbHeNIell MHOTOCTOPOHHEN 00pabOTKH ¥ MHTEpIpeTanuy AaHHbBIX (prc.2).
[IporpamMMHoe obecriedeHre TaKKe MO3BOJSET MPUMEHSATh Pa3InvHbie (QUITBT-
pBI, HACTPAMBATh MX MapaMeTphl, CTPOUTH CIIeKTpaibHbie Tpaduku u T.1. [Ipe-
JyCMOTPEHBI CTaHAAPTHBIE HAOOPHI HACTPOCK ONMTHMABHBIC JJIs POU3BOJICTBA
reou3nUecKuX padOT TEM WM WHBIM METOJIOM, a TaKKe€ BO3MOXHOCTh yCTa-
HOBJICHUS TIPAKTHYECKU JIIOOBIX HACTPOCK, BEIOOP KOTOPBIX OCYIIECTBIISCTCS C
MOMOIIBIO TITABHOTO MEHIO IPOTPAMMHOT0 00eCIICUeHHSI.
IIpencraBieHHBIN KOMIDIEKC CHAOKEH:
* 8-KaHANBHBIM DJICKTPOTEXHUIECKAM SKBUBAICHTHBIM HMUTATOPOM HEO]I-
HOPOJIHOM T'€ORIEKTPUIECKON CpEebl, HCIIOJIL3YEMbIM KaK JUIsl KOHTPOJIS
W KaTUOPOBKM HM3MEPHUTEILHOW ammapaTypbl, TaK W OMEPaTHBHOTO
HATJSITHOTO OCBOCHHSI amaparypbl YW MPHIAracMoro MporpaMMHOTO
obecrnieueHus,
* BHCITHUM TUTAHUEM JJIsl TIPOJIOJDKUTEbHON paboThl HOYTOYKa B aBTO-
HOMHOM DPEXHME.

K HeMy mpemycMOTpPEeHO TakXKe IOJAKIIIOUEHHUE JOTIOJIHUTEIBHOTO O0JIb-
II0T0 MOHHUTOPA, C IEIBIO:

* OMEPATHBHOTO W TMPOJIYKTUBHOTO HAONIOMCHUS 32 BCEM IPOIECCOM W3-

MEpEeHUH,

* UHTEPAaKTUBHOTO PETYIMPOBAHUS U KOHTPOISl Pa3IMUYHBIX HU3MEPSEMbIX

napameTpos,

* 10/100pa U KOPPEKTUPOBKH BBIYUCIISIEMBIX U MPEICTABISIEMBIX Hanboliee

MH(OPMATUBHBIX 3aBUCUMOCTEH B PealbHOM MAcCIITa0e BPEMCHH.

I'uOkast cTpykTypa U BO3MOXKHOCTH MPOrPaMMHBIM 00pa3oM ONpEICIIUTh
(YHKIIMOHAIBHOCT aNMaparypbl MO3BOJISIET JIETKO M3MEHATh e¢ KOH(pUTypa-
o (Kouvecmeo u mun Kamanoe 0006asieHuem U 3aMeHOU CMAHOAPMHbIX
MoOynetl) TIPY MHUHUMAJBbHBIX MaTEepUAbHBIX 3aTpaTax, 4To B LIEJIOM Kapiu-
HaJIBHO MOBBICUT 3((HEKTUBHOCTh MHOTOIIEICBBIX HAYYHO-HCCIIEI0BATEIECKAX
pabor.

Komruiekc cHaOeH B3aMMHO3aMEHSEMBIM M COBMECTUMBIM TOJICBBIM W
71a00paTOpHBIM BCIIOMOTATEIbHBIM O0OpPYIOBAHUEM, MO3BOJISIONUM TPAKTH-
YEeCKH BBIMOJHATh HAYYHO-HCCIIE0BATENLCKHE PabOThl OOIBITHHCTBOM JJICKT-
pOpa3BeIOUHBIX METOMOB (Kpome 8blCOKOUACMOMHbIX) U UX MOTU(DUKAIMIMH.
K mpumepy, B coctaB 1a00paTOPHOTO KOMIUIEKCA JJISl H3YUCHHSI TIETPOIICKTPH-
YECKUX XapaKTCPUCTHK BXOMAT alMapaTHO-MPOrPaMMHBIA H3Meputens «Vec-
tor-Geo», nabopaTopHBIC JIICKTPOJUTHUECKUE YCTAHOBKH U KOMIIBIOTEP
(puc.1l). Kcrat oT™MeTHM, YTO TpOTOTHI CTeHaa «JlaGopaTopHbie ucciie-
JAOBaHUS JIEKTPHYECKUX CBOICTB rOPHBIX MOPOA U PyA» ObLI MPECTABICH
Ha eXeroIHo# BhIcTaBKe BhICOKMX TexHomoruit Digitec (Yerevan EXPO-20)6
a B 2017 romy maHHas KOHIEHIMS B KAa4eCTBE Y4eOHO-UCCIIEIOBATEIHCKOTO
cTeHIa Oblia mpeacTaBicHa Ha exeroanoi BeicTaBke NI Week xommanuu
National Instrumentss ropoae Octun (CILIA), rae Taxke BbI3Bajia OOJBIION
WHTEpEC y WCccaeaoBareieit B JaHHOW 0OJacTH, MpeICcTaBUTENeH KOMIIAaHUHN U
[IOCETUTEIIEH.
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YHUBEpPCATbHOCTh CO3JJaHHOM ammapaTypbl MOCTYKUT OCHOBOHM [Jisi pas-
paboOTKH KOHKPETHBIX ONBITHBIX IMPOMBINUICHHBIX OOpPAa3IoB Y3KOCTIEHAIH-
3MPOBAHHON (cneyuguueckoil) OTHOCUTENBHO HEIOPOTOi DIEKTPOPa3BEIOUHOM
anmapaTtypsl Ipu padoTax pa3HBIMA METOJIAMU M MX MOIU(UKANUSIMHU B Jia-
OopatopHbIX (npu usuueckom MoOeruposanuu U NempoINeKMmpULecKux uc-
C1€008aHUsX) Y TIOJICBBIX YCIOBHSX.

Pa3paboTaHHbBIi KOMILIEKC TaKKe MMO3BOJIUT ONITUMHU3NPOBATH TIPOBOIUMBIE
WCCIIEIOBAHNASA DPaHee TPEMIOKEHHBIMUA CIIOCO0aMHU T'€O3JIEKTPOPA3BEIKA U
M3YYeHHUSI DIIEKTPUUECKUX CBOMCTB OOpa3lOB TOPHBIX TOPOJ H Py, METPo-
ANIEKTPUIECKUX XAPAKTEPUCTHUK W 3aBUCUMOCTEH T'€OJICKTPHUYSCKUX MOAEICH
(asmopckue ceuoemenvcmea CCCP NeNe 1179243, 1249607, 1193619,
1350640, 170412( 1300369.

ABTOpBI BEIpaXXarOT TITyO0KyIo O1arogapHocTh I'eramy babasuy u ['eBopky
Kacapmksany (Nairi-Tech) 3a HeolleHMMyI0 TIOMOIIb Ha BCEM IIPOTSIKEHUH
pa3paboTKu MpeACTaBICHHOTO anmnapaTHO-TPOTPAMMHOTO KOMITJIEKCA, a TAKKe
npusHarensHocTh coTpynHuniam WI'H Hyne Aaxsn u Hapune [ropmxsH,
MPUHSBIINX aKTUBHOE YYacTUE B JIA0OOPATOPHBIX HWCIHBITAHUSX OIBITHOTO
o0pasia U3MEpUTEITLHON anmapaTyphl.
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FULUULSNRLYSPNLUL ELEYSUZESUNPRUYUL
QUOUUL UULLUHYNCNRU Vector-Geo
U.4. Uuplnyui, ¢.U. Pupujut
Udthnthnid
znnyJudnid ubkpuyugdus E dpuljdus puquudpniuyghniwy puquu-

wihp swthdwb vwuppuynpdut «Vector-Gee Jhpundw ninpnt n1 php-
Jws ki tpw hhdtwljut mbuthjujwt punipwugpbptt b dpguljgught
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wnwybmpniubpp: bp $niuljghntiw) wnwbdtwhwnlnipniuttph
ounphhy, wytt upny k juyunpkt oquuugnpéyty fiEjunpuwhbtunwjniqu-
jut ghnnwhbunwugnuuljut wyhtwwnwipubpnud:

Unwownlynn hwdwihpp twb Jupnn b oqnnuljup (hubl] nrunid-
twlub b gnpstwfut ympbph wpymbwybn pipugdut dudwbtuy
«LEpbhughll wmywpblbph b hwbpupuph unipbbph ni Unpljabph LEj-
wpwlwl hunnlniyemnibbbph niumdbwuppnipiniiy W «bpghlwlwb un-
pljun/npmd” B Enpwhbuwpunigniprul gnpdtuuul wippnuwnwipbbpy
Jwpnpunnp nuupbupwugubpnud:

MULTIFUNCTIONAL MEASURING EQUIPMENT  «Vector-Geo»
FOR ELECTRICAL PROSPECTING

A.K. Matevosyan, G.A. Babayan
Abstract

The article presents the field of application arxekg the main technical
characteristics and the main features of the deeelonulti-purpose hardware-
software measuring devic&éctor-Get. Due to its functional features, it can
be widely used in research electrical survey. Trepg@sed complex can be
useful for effective mastering of educational an@cpical material on the
laboratory coursesPetroelectric studies of samples and models of saoid
ores' and 'Physical modeling - Electrical prospecting workshop
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Uhuhwth nhunndhinughtt wmjuquinid hwynbwpkpjus pnpuyghtu
dhubkpwubpp qniudmud B hpwppuughtt thnph-nhunndughty, dntpun-
nhinthun-phunndwhtt b ghyuuwyhtt wpwewgnidubpnid, npnug hqn-
poipnibttppn muwnwiynud Bu 0.5-1d: Lwth np poph hhdtwjub Ynt-
ghtnpuwnp hwinhuwtnud £ wyuljh, wyw poph tunkgnudp wjw-
quiunid wmbnh t mubunid bpwppwihtt thnph-nhwnndwght judbpp
htwn dhwdwdwtwl): Ujuquih ubinignudp juunwpdt] E yhpnljuu-
wnhl wympbpny, phpdw) opkpny, hyybu bwb dndwpni-unjdunw-
nuyhl gnpéniubnipjub hbn juydws Wynipbpny: Uthpwdbown t ok,
np pugwhujnws hpwppiughtt thnont phwwnndwyht, dnupunphin-
thunwght b ghyuwjhtt wnwewgnidukpp, npnkn qunuynid Eu pnpught
dhubkpwyubkpp poy b nwjhu ghwhwwnbint wyny mupwspubpp npytu
hEnwujwpuwyhtt npnunnuljut gnunhubp: Lwth np pppunibpp pupdn
opwnidkih L, wyny hull wyuwndwnny nputg hwjnbtwpbpnidp dwlk-
phunud phy hwjwbwljut k, himbwpwp pnpunutiph hwundwsputph
hwynbwpbpdwt hwdwp junphnipy E wipynid oqunuugnpst| junppughte
Ubkpnnubp (hnpuwnwtgptp): dpw Jun ophtiwlju £ ®npp Uuhuynid,
Zmuhuwjhtt b Zwpwquyhtt Udkphunid hwyntwpkpjws pnpuwn-
ubiph wuwowputpp pugupdwuljuybu hnpundw wpjuwnwputpny:

Byny mwu pnpuyhtt Uhubpwubph hwjnbwptpnudp Uhuhwuh nhw-
nnudhunwhtt wjuquh hpwphiwghtt thngnt, whdquyht, inibuyhty, ghw-
uuyhtt b dntpunphinthn-phunndhnughtt wmywupubpnud twhowugpyug-
ukp Lt unbnénid hbnwqumud pugwhwynt] pnpujhtt hwpwiyniph
Ynrnwlynidubpp:

Ugjuiwnnwtiph twyyuunwjn k, hwogdh wntbng hwyntwpbpjus dh
hunidp pnpuyhtt dhubpuwjubph juwydwénipmniip hpwphiuwghtt thnont,
whuquyh, nnipwghtt b ghyuwhtt wnwowgnidubph hbtw, nhwwnndh-
nwhtt wjwquind pugwhwynt] B203-h pupdp wupnibwlnipjudp
uUkS hgnpnipjut mbknudwubp:

Luwhiwnbujus tyyuwunwljubpp hpujutwugutint hwdwp fhpunyty
tu dhtkpuuw-ybnpngpubhwlul, 1hpnokpnugpujut, nktngku-pu-
quyjht, phthwlwt b uyklnpw) whwhqutp:

Zujuunnwinid wywpttph, dhttpuwutph b opkph dke pop k-
Ubktnh nuuntdbwuhpnipiniiitipny qpunyty tu dh swpp ghntwlubutp
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(U.S.Unuiyut, .S, Qppwojut, U.u.Utugujuiyub, £.U.Ukhpubp-
jut, (FRBwnnjub, E.U.vujwupjul, .. Uwjuuuywb, U.2. QGupuybn-
jmt b wyp): 1965p. 8ni.E. Pwpwunyh, L.U. Pquuwnnjuwyh (bapahos,
Hrnateesa, 1965) nnuhg Uhuhwth ghwwnndhnnwihtt wjwquuh jhpn-
whunpngpubhwluit nunidbwuhpnipniiitph dudwbwl wnnidy-nhw-
undhnubph wyuljtk quiuguédnid hwyntwpkpyt) Eu poph yphquughte
b wubkntwdl pniptnubp, hEnwqunid tpwtg Ynnuhg hwyunwpbpyty B
ni kpuhn, mhuwnuhn, §njkdthn b pnpughwn: Loqws hknhuwlubph
Unnuhg pnpp npnomdubptt hpwwiwgyl] tu Unuljjuyh UMIP3-h
dhqhu-dhonijwyhtt jwpnpuwnnphuwynid ubjnpntughtt wjnhdugdut
Enubtwlny: Cunn unnwgws ndjujukph pnph wiuhhnphnh wwpnibw-
Ynipjniuitipp Uhuhwih nphwnndhwnughtt wuquith uinnphtt hnphgnt-
ubpnid Juqubp Gu 0,4%, Jtphtt hnphgnuubpnid 1,2%: Zkwwquynid,
1967p. Zwjmunwith Gpjpupwtwljut Jupsnmipniunid .2, Swunnjuuh
quunpoippudp juquultpuyt] £ wppudupmidp, npp qpangnad tp
Uhuhwth nhwwnndhnuwjht wuquih jujuwhtt wywpubph pnpupk-
poipjut niuntdbwuhpnipjudp: Uh putth hwpnip idniputph Jpu ju-
nwupjus mupuwnbuwl] wbwjhnhly hbnwgnunnipniuttpp, puinhwinip
wndudp, gnyg nytkghtt puguuwlwb wpyniup: Zwpyh wntbing Uh-
uhwth nphwnndhwnughtt hwunwspnid pnph Wupnibwlnipjub YEpw-
ptipjwy (Bapamos, MruateeBa, 1965) htnhtwljutph unnugué npuljub b
hniuwh wpnynipubpp, Swnnyuuh wpowjwpudph Ynnuhg hwjupdus
132 udnipubp tubjnpntwiht winhjugdwt dbpnnny pnph npnodwib
tyuwwnwlny niquplytghtt htnnwgnundwu Unuljuwh UMI'P3-h jupn-
puwunnphut: Uwnwgwé wbwjhqubph wpnnibipubpp npuljut bhu:
Uwnnpl ubpjuyugdus k132 udniputph ubjnpniughtt wjnhyugdwl,
phtpwljut b uyblunpu) Enubwlubpny vnwgyuwsd pnph wwpnibw-
Ynipjniuitiph hwdbdwnwljut wnniuwyp:

Upgniawly 1
‘LUunipubpnud uhjunipntwghtt wmjnhqugdwh, phuhwlwi b uyblnpuayg
Enwbwyutpny uvinugws pnph wupnibwnipnibbph hwdbdwnwlwub
wnniuwly (2- Unuljuyh UMI'P3-h jupnpunnphu; 4,6- Zujwuinwth
Eppuwputwlut qupsnipjut jhnpnbwlwb jupnpunnphwy):

1 2 3 4 5 6
‘Lunioubph| Ubkjunpnbughtt | Luniy- Lhupwluit | Ldnipubph Uwybtlwnpuy
pwtwlp | mymhqugudwt | ubkph | Enubwly B203% | pwtwl Enutwl B%
kil B20s% | putiuly

5 0 2 0,01-0,02 9 0,001-0,003
13 0,05-0,08 15 htuptp 123 puguuynud £
1 0,86 115 |pugulumd £ 0
113 0,10-0,38 0 0
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Zujuunwih Zwbipuybnmput vwhdwbtbipnd wpwbduwugynid
tlu pnpwipkp Epkp gnunpukp:

1. Zmupwyuwt — Uniuhph, npunbn pnpuwpkpnipiniup hhdtwljuinud
Juwyws E Eugngbt ywpngbutbph htwn:

2. UkpAwpwpuyutt - Gphwiywt junppuyhtt pEjdusputph Eplu-
pnipjudp, npubn ghpulppnid b Eyqnght gopénup: Ujunby
popwpkpnipnitt nith uhugbubwnhl pinyp b juuyldws b
tundwspuyht b hpwppstw-tunduspuhtt  hwdwlwpgbph
htwn:

3. “uyph opowil, npp Uhowllyuy nhpp b qpunbgunud Jkpnhhojun
tpynt gnnhubph dholi: Ujuintn Yuplnp G b Eyqngku b Eu-
nngkt gnpénutbpp, uvwluwyt ghpulppmid Bu nwppuynisdw
wpngtutbpp:

Cunhwipwybu pnph wpymbwpbpuljut hwipwuyptpp ukp-
Juyuwbnid ki bphp qhuknhy nbkuwljubpn] hpuphw-tun]wspughi,
huwngkt b ujwntuwghtt (Oson u zp., 1976): Uwljuyu hwbpwiynipnid
poph wuhhgphnh pupdp wupnibwlnipejudp b pnph Ynpquuts hwdb-
dwwnwpwp htonnipjudp ghpunwuynid b Uks htwnwppppnipinit
ubkpjuyugunid hpwppwbunygwspuwjhtt hwupwduypbpp: Unuyhuh hwb-
pwyuypbph npnunidutpp hwdwh wuwlynd &t hwennnipjudp: Uju-
wtu ophtimy, yipohtt mwuphutpt @nipphuwynid hwyntwptpyt) Eu poph
hwiupwiympny hwpniun hpwphw-tunduwspuyht Uh pwth junonp
hwtpwqupkp: Zwpgh wntbny pnpuntbph pupdp opuynyé hwnlyni-
pjntuttpp, poph hwjnbwpbpnudp dwljbpbuwghtt wuydwuubpnud phy
hwjwbwlwt t, wuhpwdtown t hpwntk) junppwjht, wnwehtt htippht
hnpuundwb Enuwbwlp: L&ught wjuquinud juppntwn-judughtt jud
Juduyhtt btundwspubpnid dwup otpnplutph Yud putph wpluynt-
pintup pny] E mwjhu nputp hwdwpb] pnpunubph wpngnibwpkpulut
hwundwsputiph npnudwt  pwpdp hEpwbwpuwyunipnit  niukgng
gnuhubp: Hpw qun wyugnygu E @npp Uuhwynid, Zmiuhuwght b Zw-
puyuyhtt Udbphjunud hpwppuow-tunguwspwihtt ppnpunught hwuwn-
Juépubph hwjnbwpbpnudp pugunwwybu hnpundwt  Epwbwyny:
Ulgpnud tnt) Gu pppuniiiph wnwdht skpnplutp jud pukp, npntp
Juqut) Et wuwlukp quwygnp hwpwhtt dwpduh gnipep, hinn wykih
hunonp okpunkp, npntp nitkt huptinipnyt wpynibwpkpulut bywbw-
Ynipjnit b kquih kb twnphnidwljwt pnpuntbph wuwowpubpny: Uyn-
whuhp Eu Yhplu-Uwuphiuywb @nipphuynid, Ypwdbkpp Ywjhdnphw-
mud: dhpohtt duwdwbwljubpu htnnwgnunnnutpp poph Ynunwlnidatpp
Juwnud ki hpwphwghtt wmywlne hkwn: Pusybu gnyg Eu wyk) nwnhn-
gpudhl htnmwgnunnipniutpp (Bepsuna u ap., 1975) dudwbwljulhg b
tphnnwuwnpy hpwphpwlwt opowbtbpnid Ebdniqhy b whpnljjuunhy
wwwpubpnmd poph hhdbwut Ynrnwlhsp hwdwpynud £ wwywyhte
Ujuytu ophtwly, Yniphjjwt Ynqhubph (g. YUnittwohp) wmunkqhwnubpnid
poph wupnitwlmpnitp wughnugh b whpopuktubph $tunpni-
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phnutipmd Wjuwnbkihnpkt wyth phy £ pwt wyulk dwquynid: Foph
wlwt nbnupuond tjuunynid L bwlb wy opowttiph hpwppwght
wwwpubpnud: bnwjhuwyh Qhdhun hpwpnijuh nimipbpmd pnph ww-
pnttwlnipniup ynpdhpuyhtt ubpthwynidubpnid juqunid E 10-46q/wn,
hulj wyult wquynid 420g/wn: U Jjuynid £yt dwuply, np dwuglugh
tpyph dwybkplnyp npnipu quihu pnph hhdtwluwit dwup sh wnwp-
punisynid wykh Jun gnipu Ejuws dhubpwjubph pnipbnuhtt gut-
gipnud, wy] Ynrnulpynid E duwgnppujht hwngpnid, nph uwnskinig
htunn dwuwdp Jljubynud £ wywlnt Ynnuhg, dwuwdp b wbhpwwnynid
Uplunnpun: Uywlnt vuntgdwt hbnbwipny untnddus wuydwuukpp
tyuwuwnnid b pnp hnth wybkih ks supdnitwlnipjuip, b hkmbwpwp
nusnyputnhg htpnn wbpwwndwup (Beros,1954), hust bk wuydw-
twynpnd £ hpuwphiuwghtt mwpwspubph uinnpghniyu b dwjtpbuwght
opkpnid pnph Ynighiinpughuyh wép: Ujughuny, pnph wwppu-
nusnidp hpwphiwghtt wywpubph hhgponptpdwy (nuényputphg Jupnn k
hwiunhuwtwy pnp LEdkunh §npquuitt htwpwynp wnpnipttiphg dkyp:
Ztwnwppphp £ np hpwpjuh dhgwwpnpuhqup ppgwinud pnpp Uy
gunnn pununppsutiph htinn opustiughtt Uhwgnipyniiubph ntupny Yni-
nuwlynud E dwquuynid: Fnpugpwsh opuhnugnidp wmbnh E niubktunud
opp gninpohutph wplwjnipyundp, mntlgtiny Uks pubwulh tukpghugh
wipwndwdp b wuypniuubpny: Uju E wuwdwnp, np pnph b djniu
gunnn puwnunphsubph Yninwlnidubpp dwquunud hwinhuwind B
hpwppwlwunipjut tpuynghy punypp wuwjdwbwynpnn Yuplnp
gnpénuubtphg dkyp: Uhuhwth hpwpjw-nhwnndhinwihtt wmjuquind
Utp Ynnuhg puguhuwjnjuws pyny nnwu vhubpwkpp pun jhpnotpnw-
gqpuljul, whnpngpudhwlu, nkunghu-jurmigyuspuyht b uyhkln-
nuwy hbnwgnunipnitubph juwws tu pny; wnujht punype niubkgnn
18uyhtt wjwquih tunydwspubph htwn, npnup ubpuyugws tu hpw-
pluughtt thnont, whdquukph, nmnidtph, Judtph (Untpdnphinthuwght
Juytp), hisybu twl phuhwlwb fwbwwwuphny wnwowgus Ypwpw-
puyhtt okpnhlubph b ghwyuh wnkupny: thwnndhnuyhtt wjuqutnd
ghwup hwinku L quihu wpwetwhtt b Gpypnppuyghtt mkuwlubpny:
Unwotughtt ghwyup wtdhpwlwinpkt juydws b ghwnndhuwght
wwwpbbph htinn b hwingku E quihu pniptinuyht gkpunbtpnyg (uy.1) husp
Jyuynud £ wytt dwupl, np yEphtt wihngku-snppnppujut dadwbwljw-
opowth wnwudht dudwbwjuhwndusubpnid phwnndhwnughtt wjw-
quiph npny wnmwpwsdpubpmd gnmipnit £ mubkgh] sSwubwr, opuyht-
wnujhl pkdhd’ snp, wwp, ong Yihuuyny: ‘Lodws nhdhuh wwwgnygh k
nhwnndhnwhtt wjuquinid wyjtyhuh wnu-epwjhtt thwwnndhwnwght
ophuninibkph wnluympjniup hbsyhuhp ki Navicula elegans, Nitzshia
spectalilis, Loscinodiscuc, Cyciotella conta, Varpliconica b wyjj: Zwpl k
k) np, hpwppujuinipyut winhjugdut sppwinid wjuqui ku
Uninp qnpék] hpwphiwghtt thnont, whdquyht, ninidughtt b pnrdwpng-
unjdwnnwpuyhtt gnpéniubnipjui yniptp: Uju dudwbwljuwhwngduénid
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U1

2 R 5 < s s o . B, et 8 % .
a. Znphqnuwlwl tpulukp q gninh Unn (wpwetwyht ghwu) 6. Minnuhuwjwug
tpuljuibip (pypnppught ghwu) e hujuh pyouptn:

Uhowduyph $hqhlw-phubuwlul wuwplwublbpp Ypby Bo wupuht
punyp, tywuwnkny ghyuh, unnuubkph b pnpuyhtt Uhubpuwjubph wnw-
owgdwupn: Uhuhwth nhuwwnndhnwhtt wjuquith jhpnokpnugpuijut
Yunpqusputinh dkp ntunidbwuppnipinitubpp (Apnunwib, Pphdhu b wyp
wnbtnuuwukp), nip ghpulonnid Eu hpwphiwghtt thnont, tinthuwghtt yne-
phpp gnyg B wdl] wuuyinipyut wg dhsh 8,4% (ABakan u gp.,
2015), hull djnru mbnbpnid wjjwjuyunipmiip hwqhy hwubund k 2,3%:
Zpuphpwluwunipjut juwp ghyuh wnwowgdwb htwn gnyg £ mpdus
Udut b Yupdpwunwp hpwpnitjutbphtt yEkpwptpng (.S, Qppugjuth b
niphputnh wohtwwnwupnid (pxp6amsas u ap., 2005), nip ghyuh wnw-
owgnidp Juwynwd E hpwpnipjuubph $nidwpnjujhtt gnpénitbnipyub
htwn: Ldwtwnhy Eplnyputp tjunynid Eu Gudswnjumnd (Uduwssnt,
Clubknis b wy) hpwpnijutp, Ha6oxo, 1959), nip dwpnip ghyuh pnipkn-
utiph wnwewgnidp nknh £ mubkunid unjduwnwpw-pnidupniuyhtt wmyy-
nhynipjut Eqputhwlhs thnynid: Ubkp ntunmdbtwuhpnipjutl wnwplw
hwunhuwgnn Uhuhwth wjwquuh pnpuyghtt dhtbpuubpp juydws
hpwppiwghtt thnont, ywhdquyhl, nnidwjhtt wyupubph htn, npuntn pn-
nh hhdtwljut Yninwlhsp hpwphwghtt wywlyht k, nph mwpunbuwy
Altpp quy tuwnbh Eu hdbpuhnt ypbywpuwnubpnid: Uywlht hwb-
ntu E qujhu pupd, wugnytu, hwdwp gnpy jubwswynit gnijubpny:
Zpuphiwghtt thnonud pugh hwipp dwibpbu niikgnn wwwlnt Junp-
utiphg wnluw Eu twb phjubtdwb jurnigusp niukgnn Junpubtp: Uyw-
Ynt phljdwtt gnighsp hwmnjuybu phwnndhnwhtt wjwquuh hjniuh-
uwhtt hwinduénid mwwnwynid £ 1,490-hg dhtgh 1,520, hulj fEtwnpn-
twluwb b hwpwywjht dwubpnud’ 1,520-1,540: Pwugh toqws wuywpiih-
nhg Wjuunymd £ twlb pnph juggjwdnipynip hpwppiwght dnpaph fyh-
ghubwnhl] thnthnpunipniuiiphg wnwewgws Untpunphintthnn wwpnt-
twlnn nhwnndwjhtt uybph hbwn: Uuhpwdbon t ok, np judus
Eyhgbubnhjuljut thnthnfunipniiubph htnkuuhynipjut wunhgwithg
ypdwnynid E spuypuwyyws hpwppiughtt wmywlnt pwbwlyp, npp dkp
uUnpubpnid hwutinud £ 30%: Udkbwwnwpwusdws thnthnjunipiniubphg
Ublp jujuyuwgnidt k, nph dwdwtwly punphhy ubppht (niskhnipjut
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Ypdwnynmd £ thnpp Juyniimipinit niubgnn wjtyhuh dhubkpuutph
publyp hsujhuhp ko whpopukip, pngnynjh optwlljwb b wyb: Mpuibg
nbnb ki gpuiymy wfbjh uynit dhubpugibp inbwpwpkpp, ghpynip,
pninh)p, hdkuhwnp, nnipdwihtup, tyhnnup b niphpubp: Uduquth
wnwtdhtt hwnjuwsubpnid (npuntn hwynbwptpl] tup pnph dhubpuy-
utipp) juduwjunipjut ypnghub ninklgynid £ dnupunphinthnwht jw-
Jtph wpwowgdwudp: Uyn mwpwspubphg bu Cwdpp, Fouwlnpp, Fupd-
pujutn: Lokup, np hpwphiwghtt thnpont JEpwsytp Unupunphintthnw-
1ht quygbph hwdwpynid £ hpwppoughtt whkdquyhtt mipbtph thnyught
thnthnjunipnitiph wpnniup (Asakan, Cremanan, 2014): Cun kplinyphi
Uhuhwth ghwnndhinwihtt wjuquth utnignidp, nptt hpuwlwbtwgyby k
Polumttwuwph hpwppiwghtt opwijuhg b pnpuyhtt dhubpujubph tuwnbip
18uyhtt thunndhunwhtt wuquinid wnknh k niukgk] hpwppuowghtt thn-
ont, Juytph tunjwdpugnjugdwmin qniquhbn: Cunhwipuwbtu bohaw-
twuwnph hpuppwjutnmpniup dks nhp £ pwnugk] hywybu nphunndh-
nwjhtt wwuwupbbph, dhukpwiibph b dhtkpuuhtt hwdwlwupgbph
wnwewgdwl, wytybu b dndwpnj-unjpunwpuyhtt gnpéniibnipjut
htwnn juyws wympbph utinigdwb gnpénid: Ut (hpnokpnnugpuljut
Juwp, np gnjnipjnit nitth bojpowbwuwnh hpwphiwght, Uhuhwth hpw-
pluw-nhwwnndhwinuwhtt b Snphuh hpwppow-pEynpuyhtt mywpukph dh-
ol, Jun Yhpwyny wpnnwhwjnymid t Uhuhwth b @nphuh wnwpwsputinh
wnwudht (hpnokpnugpujut upguspubpmd: Ukp Ynnuhg niunid-
twuhpjws hpwppw-nhwnndhnwihtt wywpubpnid TGP uyblnpug
jupnpuiinphuynid hpujutugyusd wbwihqubph wpyniupnid hwyn-
twptpyty E poph 0,013-0,024% wwpnitwlnipjni: O@niquhbknwpup
hhnpntpypuphdhuyh jupnpunnphuynid tnyt tdnptbipnid hpwljw-
twglty £ poph npnpnuip Ynnphdtnphly updhbwghtt tnubalng:
Uunuwugyws wpynitpupt Eu 0,0017-0,036%: 22 QUU. U.Uwbykjjuih
wiy. Unopquiwlw phthuyh httunhnnunnid hpujuwwgywus hbwnw-
qu nkuwngku-$wuquyhtt wmbwhqh wpyniupubpp hwdwhnity Eh bwu-
Jhtunud pniu nmunidbwuphpnnubph Ynndhg vnugdws wpnyniupubpht:
Uwnpl ubpjuyugdué tu updws dhubpwutpp hpkug nhdjbputibpny:

1.4njkdwtihn -Ca[B304(OH)3].H20-17,52

2.Mtpuhwn- NaCa[BsOs(OH)s].5H20-16,3; 35,7; 33,7

3.Shuljuntihwn- Naz[BsOs(OH)4].3H20-10,2; 2,03; 30,6

4. Pnpughw- Naz(B7013)C1-29,7; 33,3; 25,48

5.Zhnpnpnpughwn- CaMg[B3O4(OH)3].3H20-13,24; 15,3; 19,87

6. Funinnhw- Ca[BSiO«(OH)]-28,96; 23,47; 3,02

7. fwipniphwn- CaB2Si20s-24,9

8.Ljniphghwn- Mg:Fe(BO3)02-17,3; 35,0; 135,7

9.Unipswinnyhwn- CaMg(B205)-34,7; 32,1

10.Uuninipdwtthin- CasFe®2(SO4)2(BOH)4-34,7; 22,8
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UY.2 Zpwpuwghlt thnont ghwnndwhtt juybph nknghingpuddwitp: Buwhqubpp
Juwnwnpyby i 22 QUU Utopquuljul phuhuyh htunhunnunnid:

UoJws vhubpwjubphg 1-5 hwjynbwpbpjws tu 8ni.E. Fupwtnyh,
L.U. Pquuwnluwjh Ynnuhg, (bapanos, Mruarsesa, 1965): [thunghun-pu-
twlwljwt whwihqh dkpnyny hwyduplutpp gnyg tu wndb), np poph
wupnibwlnipmniip nmunwiynud k 0,4-0,635 %, ukpluyugubiny B203-h
wbupny, Junwugyh 1,2-2,01 %: Loqwd pnpuyhtt dhukpuwutphg qbipw-
lonnn Lu nybpuhwp, mhuljuynuhwnp, pynigghghwnp, Ynjkdwthnp, po-
nughwp, hhgpnpnpughwnp, punnihwnp (W.2), npntp hwinku tu quhu
Cwdph, Pnuwlnph b wj] wbnudwubph 0.5-1.0 dkwnp hqnpnipmil
niutignn hpwphiwghtt thnpnt phwnnduyhtt wwwpbpnod (uy.3):

UoJwd wyyupubipnid ghwwnndwjhtt ophuninubph qpuhutph pwtw-
n nmuwnwiynid k 5-20%:

UY.3 Swdp mbnudwuh dnwin
hpwphiw-nhwnndhwinught
hwujwédph Yuupjusdp: Fug

gnpowyntl okpuntipp — phwnndw-
hpwphiughtt thnpnt mwywpukp:




zbwnwpnpphpt wyt k, np hpwppuwghtt thnont gyt mkuwjubpnid nip
nhwwnndwjhtt qpuhutpp (hukt owpnué phk wdpnnowlwi) hwdw-
Ygywsé L Untpunphintthnnwht juquh Juduyhtt pwntunippubph hbw,
wynunkn pnph dhukpwjubph pwtwl wbih pwn E:

Uy wdniptipnid hpwppiwhtt wmywynt pujpuydus dwup juqunid
E 60-70%: tw jununid £ hpwppuwghti thngnt kyphqhubnhl ypnghuttph
(Quyuyuwgnid b wyj) ny hwujunnwp jhubnt dwuht: Fpw wuyyugnygu
tE wyn wwywptbpnd dnupdnphinuhn  dhubpuh ny  (hwwwnwp
unpniunnipuyny hwintu qup (ABakan, Crenansan, 2014):

Pnpuyhtt vhubpwjukpp npnup puguwhwjnygt) Eu hpwppuwghtt thnont
nhwwnndwjht, Unupunphinthnnuyhtt b ghyuwjhtt wpwewgnidubpnid,
pny] Bt nwhu guwhwwnbint wyny mwpwspubpp npujbu hknwtjupuwght
npnunnuljutt gnnhubp: Lwth np popuwwnbbpp pupdp opuyniskih ki,
wy hul] quwndwnny pnpuwntbph hwyunbwpbpnidp Jwbpbunmd phy
hwjuwtwlwt k, hbEmbwpwp pnpunubph hwundwspubph hwjntwpkp-
dwl hwdwp punphnipy £ wpymd oquumugnpét] funppughtt dkpnnubp
(hnpuwnwugptp):
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OBHAPY)XEHUE BOP-COAEPKAIIUX MUHEPAJIOB B
CUCUAHCKOM BYJKAHO-IUATOMUTOBOM BACCEUHE

T.A.ABaksaH, II.C. 3akapsan, III.A. I'nasHa3zapsin, A.C. Caakos,
C.B.MkpTusiH

Pesrome

B Cucucanckom aMaTOMHTOHOCHOM OacceifHe, OOHapy>KeHHbIE OOpHBIC
MUHEPAIbl HAXOASTCSA B MEIUIO-THATOMOBBIX MOHTMOPHJLIOHUT-TUATOMOBBIX U
TUIICOBBIX 00pa30BaHUIX, MOIIHOCTHh KOTOPBIX Kosebnetcs 0,5-1,01. [Tockoms-
Ky OCHOBHBIM KOHIIGHTPATOpOM OOpa SIBJISETCSA CTEKIO, TO cajaka Oopa B Oac-
ceifHe MPOUCXOIUIIO0 OJHOBPEMEHHO C TIEIUIO-AMATOMOBBIMH TiWHamMu. IlnTa-
HHE BOJOEMa OCYIIECTBILUIOCH MAPOKIACTUYCCKAME MaTeprajaMu, TepMallb-
HBIMH BOJIaMH, a TaKKE MPOIYKTAMHU CBS3aHHBIMH C (yMapo-Cob(aTapHON
TeATENHHOCThIO. Heo0X0MMMO OTMETHTE, UTO BBISBICHHBIC MTPOCIOWKH TIEIIIO-
JTUATOMOBBIX, MOHTMOPHJUUIOHUTOBBIX, THIICOBBIX TOPOJI, B KOTOPBIX HAXOIATCS
OOpHBIC MHHEpAIBI, MO3BOJIIIOT PAacCMAaTPUBATh WX, KaK IMEPCHEKTHBHBIE Ha
MOUCKU OOHapy»X eHuUs 3aexeit bopatoB. Mcxoas u3 3Toro (MOCKOIBKY OGOpaTh
BBICOKOTHIPOJIU3YEMbIC) OOHAPYKEHHE OOPATOB Ha MOBEPXHOCTH MAJIO BEPOSIT-
Ho. CnenoBaTensHO, aa OOHApYXECHHS 3ajekell 00paToB, BO BpeMs IOUCKO-
BBIX pabOT PEKOMEHIYETCS HCIOJb30BaTh TIYOMHHBIC METOABI (CKBaKHUHBI).
Kak mokazarenbcTBO 3TOMY, MOKHO OTMETHUThH OTJIOKEHHUE BYJIKAHOT'CHHO-OCa-
nouHbIX OopaToB Manoi Asuu, CeBepHoii u IOxHOM AMepuku, e 3anacel 60-
paToB OBLIH BBISBIICHBI HCKITIOYUTEIIHHO B PEe3ybTaTe OYPOBBIX padoT.

THE DISCOVERY OF BORON-CONTAINING MINERALS IN SISIA N
VOLCANIC-DIATOMACEOQOUS BASIN

T. A. Avagyan, Sh. S. Zakaryan, Sh. A. GyulnazaryarA. S. Sahakov,
S.V. Mkrtchyan

Abstract

In Sisian diatomite-bearing basin the discoveremaninerals are in the
ash-diatomite, montmorillonite-diatomite, and gymse formations, the power
of which fluctuates from 0,5 to 1,0m. Since theecopncentrate of boron is
glass, thus, the setting of boron in the basin gake simultaneously with the
ash-diatomite clays. The basin feed was provideti wyroclastic materials,
thermal waters, as well as with products conneet@ti fumarole-solfatara
activities. It is necessary to mention, that regddhterlayers of ash-diatomite,
montmorillonite, gypseous types, where the boronemgls are, allow us to
examine them as feasible in searches for the disgad borate deposits. As a
result (due to the high- hydrolyzable characterbofates), the discovery of
borates on the surface is scarcely probable. Aaugiid it is recommended to
use abyssal methods (holes) for the discovery @itbaleposits. As a proof, the
sedimentation of volcanogenous-sedimentary boiatésia Minor and North
and South America should be mentioned, where therves of borates were
revealed exceptionally through boring activities.
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Upjuwnwiiph byuwunwly E dowljl Zujwunwth hwdwp juplnp bywbw-
Ymipnit niukgnn Upnmipjuth opudpuph wnwpkljuwt wrwybjugnyu gpw-
1gdwdnipyut dwiwuppulh jubthwnbudwt dpoghiu: Zhdudbng weljw
hhppnopbpimpwpwtwljuit phnwpynudubph ndjujukph Jpw, dowlybky k
opwupwuph nupkljut wrwykjugnyb vwjupnulh juthunbudwb puqdu-
gnpéntl nhqpuhntt hwjwuwpnud, nph pumipwgphsutpp puduwpupnd G
Juipwwnbunidubtph poqupluut hwdwp tkpuwywgynn wwhwbetbph: Uy
hwjuwuwpdwt dvhongny Juquyus unnignpujun jutpiwnbunidubpp wp-
nupugyus ku:

2Z gntiph mupkjw hnuph 30-80%-1 wugunid E qupuwiughtt Jui-
pupnidubph dudwtwlwhwnduénid b tkpljuynidu dh owpp qhnkph
hnupp Jupqudnpymu E opudpupubpn] qupbubughtt Jupupnudibph
pupwgpnid hnupp Yninulbnt b vwjujuenip dudwbujuhwngu-
dnid nputip ogurnuugnpstint hwdwn:

npwsp wlhpyws E 22 Guplnp opuyhti opjkntkphg dklh’
Ulinipyuth opudpwph, wwpbkubt wpwybjugnyt opujgusnipju
dujupnpulh jutpiunbudwt dkpnphljugh dowljdwtp: Supju ptpwg-
pnid gpudpwpnid htwpwynp wnwytjugniyt 9pujhtt nhunipukph pw-
twlh hdwgnipiniup Juplunp E opuntnbuwlut yjuwbwynpdwb ajw-
wnwnnidkinhg bjukny:

Upinipgutth opudpwpp ghwnnwghtt wmhyh E, nith ubkqnuuwghtt Jup-
quynpnid, jurnigqusé E Unipjut ghnh dpu b pwhwgnpdynid k Zw-
Jjuunwith Zubtpuybnmput b @nipphuyh Zwipuybnnipjub nnudhg
hwjwuwpnipjut uljqpniipny:

Qnudpwpp Jupnigyl] E ugtt mknudwunid, npntny Ywpu Juuyp
dvhwpiwntynid £ Upnipyuthtt: Uunipjut glwnp, npp ujhqp £ wntnud
Unpthh1hd opudpuphg, Upwpuh dAwpjuwthiyu wdkbwdbs Juulju k, Th-
pulh dwpgh dwltpimpught opkph hpdtwljwb wnpympp, nph gptpl
wnuwybjuybtu oquugnpdynid ki npnquut tyyuwwnwlutpny: Lpwthg
uljhqp Eu wntnid puquuphy opwugputn: Ulunipjuih wdkiwgpunun
Juulp wowlnndjutt Ywpu ghnb E nplt wdpnponipjudp hnumd E
ukpluyhu Enipphwjh mwpwspny, hull hwpuybnnipjut mupuspnid
Upnipyuth wdktwbpwbuynp Juuuljp nwjuduenip Yuplusnit ghint
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E, npp uljhqp £ wntind Upwqus (knttwquiqush hjniuhu-wplhdnjut
Jjmigtnhg (3150 pwipdpnipinithg) b Gkwnp gninh dnn puthynd k
Upunipjut gbwnp:

Qnuidpwnh phttwpupnipniup ujuyt) £ 1975 puljuthtt b wdwpun-
b’ 1982 pywlwuht: Qpudpwupp mwpwswopowh junonpuqnijuikinhg
L, nph inpdwy phuhwph dujupqulh (UCYU) dudwbwly 14524, pighw-
tnip swuyp 525 Uyl W k, nphg ogunujuip swjuyp Juqunud 510U U3
1451.63d uhoh nhwpmd, hulj Ukpjuy swjuyp 15Ut @ £ b hwdwww-
nwupwind £ 14290 thoht: Unpuuy phuhwph dwluppuyh’ 14524
ntwypnud, opuwdpwuph oph huybjht qpuntgund E 41.84u? dwlkptu:
Qnudpunph wuwnyuwpp pinnbtught k, pupdpnipinitp 59.1d b qunuynid k
Upunipjwth htwn Ywpu ginh dhwpwuntugbint qujphg hnuwtpnyg 8 Yu
ubkppl: Qpudpwph tplupnipiniup Unwn 204d £ b mwpwsynd £ Qputhh
gninhg dhtish Gpuqquynpu gninp (Utuguljuiyu, Ugwdonyuu 2005,
Funlinujut 2000):

Upinipjuth opudpuph Jupnignidp httwpwynpnipnit kg dw-
uwdp nist) Chpwlh nuownhg vhtish Upwpwwnywb nupnh twhiw)bn-
twyhtt gnunht puggplnn hnnuunwpwsénipniuitph nongdwt  opny
wwwhnybknt jaunhpn:

Uduquih Yhdwt dbwdnpymd b dEpdwplwnupdughtt gninnit
hwwnnil] wpldwnjut onuyhtt hnuwpubiph wqpkgnipjut tmul: Udwuhw
optipimpwpwbwlut juyuh (1866U) nhwwpynidutph wnljujutph
hwdwdwjtt onh dhohtt nmwpkijut okpdwunhdwtp Juqund E 4.3°C,
Qunudphnud (1530d)  6.3°C (Yphdwyulwh nbkntjughp I dwu, 2011):
Udbtwwnwp wdhulikpp hnjhu-ognunnut ki, hulj wdbkbwgmpunp hnh-
Jupp: Stnnudutiph nmuptjut puwtulp Udwuhuwynud 670U E, hulj Qynud-
nhnud 507dd (Y hdwjwljut mbnthwghp II dwuy, 2011):

Swipjuw pupwugpnid nbnnidubpp pupudws b wthwjwuwpwswi,
wnwybkjugniyu pwbwlp pwthynid E qupnit-udwe dudwbuljuhwn-
Juénud, pun npnud, wowybjmgnyup dwjhu-hnitthuht, hull wWwuqu-
qnuyup dunwl phpugpnid:

Quudwslnypny optph vhoht phyp mwwnwuynid £ 94 ophg (Fynud-
nh) dhtsk 139 op (Mwnul): Yuynit dnitwswslinyp Udwuhwjnid
wnwowtnid E phljnbdptph Eplpnpy vnwutiopjulnd b pwjpuyynid
wynhih wpwehtt nwubiopjulnid:

Quudwslnyph wnwybjugnytt wwubopjuljuyhtt  pwpdpnipjutp
dunwt pipugpnmid Udwuhw onbplinmipuputtwmfut jujwinid juqut) k
146ud, hul Uhoht Ukdnmipymip’ 59ud (U hdwjwlub ntnklwghp I dwu,
2011):

Upnipjutt gknp U wjuquuh djniu ghnbpt niubkt hnuph quy
wpunwhwpin]us thkpunupbljui puspmid’ ju] wpunuhwjunjws qupbu-
twyht Jupupniudubph thnyny, npb pungplnud k£ twb wdnpwt ukqnuh dh
Uwup hnpyugnudtbph thoygny, b wdwp-wobwbught ne Adknwght ww-
Juquonip thniykpny: Qknbkph hnuph hhdbwlwb dwup 50-90%-p,
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hnunid t quptwbughtt Jupupnudubph pupwgpnid (wwphi-hniuhu
wdhutitipht): QAUnwt pupwgpnid hnunid £ wwwpklut hnuph 5-15%-n,
hul wlwp-wpbhwbwiht vwlu]uenp thnunud” 7-25%:

QLunbph utdwb wnpmiputphg quptwbwhtt Jupupnidutph po-
pugpnid wdkbwdksd pwdhtt pulund E hwngpuyhtt utdwip, npp
Juqunid E Uninwynpuwytiu 55-65%, unnplplpju vtnudp juqunud k 25-
30%, whdplughtp 10-15% (Uhugulwiywub, Ugudongui, 2005):

Upnipjmth  ghnwjuqutnid  hhgpninghwljutt  phunwplnudubp
hpuwjuwtwgyty tu Zhnpndbn swpwmpjut Ynnuihg gintu 1930-wljut
pwlububphg:

Qnudpwunh owhwqgnpénidhg htnnn Qpuithh gninh Unwn 1983 pyw-
Juth hnljunbdptph 1-ht Juenigdt] Lt hhppninghwlwubt phunwljbn
1400.00d (R2) pugupdwl pupdpnipjut ypw, npunkn Zhgpndbn Swnw-
mipjul §nnuhg hpwjuwtwgynd i hwdwwywwnwupiwb hhnpnontplint-
pupwutwlut nhnnwpynidutp:

_ Spudpwph oph dwlwpnulp wwpdu pupugpnid jehun thnfugnid
E wuydwbtwynpjws hhnpnontpimpwpwiwmjut gnpénutph thnihn-
lunipjudp, hhnpnunbjthjulwt junnygubph wohwwnwtph swhw-
gnpddwt nkidhuny: Cun npnud, ¢oph dwljuppuljubph thnhnpnipjut
Jpw wupnpnungkt gnpdnuh mqpbgnipmiut wdkiwdbst k:

Qpuilpupmd oph wdktwpwpdp dwjupnulp unynpwpwp nhun-
Unud £ dwghu-hnihu wdhubph phpugpnid, hul iuqugniip wotwb
Jtpotinhty, nonquwt ukqnuh wjwpwnh dwdwbwl, nphg wudhowuybu
htwnn opwdpwupp ufund kgt Uwljuyt gknbph gusp opuyunipjut
yuwwndwpny unjtupiphg-dupn dwjuppulh pupdpugnidp wjupwut b
qquh sh thunud (UY.1):

1451.00 4

1449.00

1447.00 / \

/
1445.00
/!

1443.00 //
1441.00 -~

\
1439.00 A
\\r—-‘/

1437.00

1435.00

| ] ] [\ v Vi vk vl X X X1 X

UY.1. Uunipyuh opudpwph puquudju thohtt wduwlut dwljuppuljutph tmupkljut
pupwgpp (Ypwithh hhipninghwlub thinwltn)
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Qnudpwph nwpbkijwt wrwybjugnyt dwwuppuljutph pupwgpp
1984-2016pp. dudwtwjuhwwngwsh hwdwp tkpjuyugdus k uly.2-nud:

u

1455.00

1454.00 1

1453.00 P

1452.00 ‘ L \ -= MM .“*‘ v 2
1451.00 \ \‘ I 8 ‘/
1450.00 U/\ ’
1449.00 x\‘l \

1448.00 X\ J

1447.00 M-

1446.00 \
1445.00 \ !
1444.00

1443.00 |

UY.2. Uunipuh opuwdpwph (Qpuithh hhppninghwljwb ghunwlbn) mupbwui
wnwybjugni (guwdnipjut fwjwupnulutph thnthnjunipjut
nhuwdhlwh 1984-2016pp.

busyhtu kplunwd E ul.2-hg, opudpuph owhwgnpsdwt dudwtwulju-
hwwndwshg ujuws dhy wydd, 21 wmwphubkph pupwugpnid, gpudpwunph
niukgl] £ UMU-ht hwuwuwp b wdl) dwjupnuljutp, hull dbwgus 12
wnwnphubphtt gpudpupnid opp wnwybjugnytt dwljupgulyp sh hwuty
UTU-ht: Swpbjut wpwybjugnyb dwjuppuyjutph wdktugwsp wp-
dtputpp nhwnygbkp Bu 1992, 2000, 2001, 1 2014 pdwlwbubphu: 1984-
2016pp. dudwtwjwhunjuwénid nmwupkjut wpwybjugnyt dwlwp-
nuljibph wwqugny wpdtpp 1443.53d, nhndly £ 1992 pulwihi,
npht hwdwywnwupiwul] E 238.9Uju.U® opwjgusnipnit (Udkuhwdjw
wnjuukp 22 dwljplinipughtt opuyhtt nkunipuitiph yEpupbipyuy):

Ugpjuwnwtiph ghnnwjut unpnypt wy k, np dpwljyt) £ Uunipjuth
opwdpwph wpwybjugnyt opwjgusnipjui dwjuppuyjh jutjpwntu-
dwb dbkpnnhlw ny ph opudpwp dnbnng hnuph dwjwih npnpdwb, wy
wjut wuwjdwbwynpnn hhppnopbpunipuputiwljut wnwppkph dhob ju-
wh dhgngn]:

Quptwbwghtt qupupnidubph pupwugpnid Uinipjuuth gpudpuph
wnwybjugnyt (guwénipjut dwjuppuljh jutiuwnbudwt dkponh-
Yuyh dpwliut hutwp ukp Ynnuhg Yhpwndly b bhahluhdulu-
gpulut dbkpnnp (PykoBozcrBo mo rupposormyeckuM mporsosaMm, 1989):
Uowljyty L pwquugnpéntt nhgpbupntt juy opwdpuph wnwykjugnyh
1gyubnipjutt wjupnuh b dptninpuughtt nknnudutph nt onh okp-
dwunhdwih wndjujubph dhol: Quuyws, Uunipjuuh ghnwjuquih
dwljipbup Unwnn 74%-n qunuynid k @nipphuwgh mupwspnid, nph hhnpn-
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optipimpwpwiwlut punipwgptph Jtpupbpu; nydjuikp dkq hw-
uwbbih sk, wyuintwdbuw)thy puquugnpént juy vnwbwnt hwdwp
oqunuuugnpsdt] Lup ghnnwjuquiht pinpny Udwuhw onkplinipupwbiw-
Jut juywuh nhnnwpynidubph ndyuubkpp:

Ujuyhuny, oquuwugnpstiny 1981-2008pp. dwdwbwlwhwngwush
Upunipjuitth gpundpuiph Qpunthh hhppoinghwljut nhinwljtanh oph dhohtu
opwljw b nmwpbkljul wrwlbjugnyt (gyubdnipjut dwjupnulukph,
Udwuhw ogkplinipuputwljut jujwuh onh okpdwunmhdwh, dptninp-
nwhtt minnudubph puquudju phunwpynudubph wyuyutpp, puquw-
gnpénl nigpbupnt Juy k dpwljyty npuig dhol, nptt wpunwhwynygnid £
htwnljw) hwjwuwpdwt vhongny.

H!n:mj. = 1080.53 + O'EEHui.mm 2 +0.011 Z Xu..lim'ﬁmv —iid

- l'LETUuinuﬁa.?Hj + l'ﬂaT'}m.u}mHJ + ﬂ'zﬂﬂ'TH.ﬂm'ﬁmN
— 182K e + 0.046KX gy

npubn Hyppg 0 Ulmppubth gpudpuph wwpblijut wowdbjwgnygt
opuygusnipjutl vwfupnulj b , H g 20 - Ywipunh 20-h npmpyundp
opunfpupnid oph Uhghtt opwlwb dwhwpnwlp, XX gy -
Udwuhw ophpunipwpwtwjut juywih twhnpy wmwpju dwjhuhg
dhtsh nfju] nmupju dwpn wdhuubph dpuninpuughtt mknnudubph
gnidwpuyhtt pwbwlp, T-u hughpunid wyws Juywuh tpduws wdudu
Uhohtt wluwljwt gkplwuwnhdwp, ATy 0np — Udwuhw onbplin-
puputwlut juyuih wwyph] wdujuw ogh ohpdwunmhfwuh sknnidu k
unpduyhg, hul K- wduwlwb nknnudttph pwbwyh dngnyuwht gonp-
Suijhgt E (njju) dwdwbwluopowth mknnudubph pwtwlh hwpwpk-
poippniup puquudju dhohtt wpdtphtt) huntpumd gpdwé wdhutbph
hwdwnp:

Zhnpninghwjut jupiwwnbunidubph nintgnygubtph (Hacrasie-
HUe 1o cixyx0e mporHos3os, 1962) hwdwdwjt jutjnwwnbudwt pnyjw-
wphkh uppwp hwpduplynud £ hbnlywy putiwdling.

8 sy, = +0.674G

npnbn & -i jubjuwnbkudnn nupph wpdkputph dhohll punwlniuuyghi
otinnidt £ vhohihg (unwtiupun okinnid)

(il —3)?

o =
|

N n—1

npunbn’ ¥; — @ mupph wpdtpubpt b, ¥ - p dhohtt wpdbpl k, n-p owpph
winwdubkph phyt k:
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Jujpwnbudwt dkpnphjut jupnn b oquugnpéyt] ywpwljnhlju-
nud, Epk uyt pudupup ghown B Opybtu tpw £onnipjut swthwhy sw-
nuynid | uinnighs jutjuwntunidubph dhohtt punwlyniuwghtt uppwyp §°

s (B —y)
\

Npuybtu juitpwnbudwt dkpnphljuyh Yhpupnipjut b npuljh gnt-
guthy pugnmiymd t §/F hwpwpbpnipinitp, npput thopp | wyy hw-
pwpbpnipiniup, wyipwt pupdp L hwydupludwi donnipiniup: Zudw-
dwyjt juthiwnbunidubph Jepwpkpyuy dkpnpuljut gnignidubkph, Jub-
hiwnbtudwt dbpnphjut hwdwpynud £ pugniubih oybpunhy juthiw-
nbunwdbp juunwpbine hwdwp 5/ hwpwpbpnipyut htnbyu) wp-
dtputph nhwpnud. Bpp 7 < 15, wmyw §/5 < 0.70, tpp 15 <n < 25,
wyw 5/ < 0.75 tppn = 25, wyw §/7 < 0.80:

Ujunktn n-p swpph pupnipniip jud wwphubph phdt b

Upinipjuth opudpuph mwpbljut wpwybjugnyu opwgdusnipjut
dujupnulh juthuwnbudwt hwdwp dowljus puquugnpént juuh
punipugptpp tkpjuyugyus Eu wnmniuwly 1-nud:

n

Unjniuwly 1
Upunipjuth opudpuph mupkljut wnwybjugnyb opujgusnipjui
dwjupnuih juthwnbudwb juyh ptmpugpbpp

Npulh gniguthpubpp, n=33wnwnh

Unnhjjughwjh 5/5 Juhiwnbudwb pnyjuwnnpth vowh
gnpséwlhgp R wwwhnyywénipniup, %
0.86 0.52 85

bPusywhu Epunud E phipduwé wpniuwh njjujutphg, b hwdwdwgh
Juipwnbunidubph epuwpbkpuy dkpnpuljut gnigmdubph (Hacrasie-
HUe 1o cayx6e mporrosos, 1962), Upwljqwsd jujpwnbtuntdwihtt juup
pujupupnid £ jutpunbudut poqupldwt hwdwp wihpudbon
wuydwtht b Jupnn E ogunugnpédyt) oybkpwnhy jujuwnbunidutph
hwdwnp:

Upinipjwth opudpwuph wowybjugnyt jgubsnipyut dwljupgulh
Jujpunbtudwt hwdwp vnwugus hwjuuwpdwt Lonnipmniup guw-
hwwntint hwdwp hwjuwuwpdwt dhongny Juquylk] i vnnignpuljut
Jwijwnbumdilp wijup dudwbujuhunjush 2009-2016pp., hw-
dwn: Quwunwgh nhindws nt hwyqupluwyhtt wipdbputph hwdwnpnipnt-
up ubpyuyugdws E wnmniuwly 2-nud:
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Unniuwly 2
Upunipjutth opudpunh mupkljut wnwybjugnyt jgyubnipjut dwjupnulh
thwunugh nhindws b unnignnujut jutjpunbunidutph wpdtpubph nt
Jutphwnbtudwt £oqpunipiniup 2009-2016pw. dudwtwjuhwnywsh hudwnp,

Oy, = +1.724
Unwikjugnyb dwljupnuy, d Yuibjuunbu-
Suiph thwunwmgh, Ywhuunnbu- dwt ujumm, u Sogpuinipniu
2009 1452.49 1451.44 -1.05 wpnupuglhy £
2010 1452.88 1454.58 1.70 wnnwpughy £
2011 1452.66 1451.06 -1.60 wnnuwpughy £
2012 1449.69 1450.01 0.32 wnnwpughy £
2013 1451.17 1451.15 -0.02 wpnupuglhy £
2014 1445.05 1449.22 4.17 sh wpnupugl
2015 1451.11 1450.24 -0.87 wpnupuglhy £
2016 1452.50 1452.63 0.13 wnnuwpughy £

busyhbu tpimud £ wnniuwlhg, uvnwugjué hwjuwuwpnidny Juqu-
Jws unnignquljutl jutpiwnbudwt wpdbpubpp thwunnwgh nhndus
wpdtiputphg otnyus Lt poijjuinplhh vwhdwbbbpnd (G4, = 1.724)
L, htwmbwpwp, pninp jutjpunbunidubpp wppupugt) Bu, pugh 2014
pwluihg, tpp gpudpuph wrpwdkjugnit jgusmpjut dwlupnulh
Juihwnbtujws wpdtpp 4.36 Ukwnpny gusnp k tink) thwuwnwgh nhndws
wpdbphg: Ywwnwpdws Jbpnisnipjniithg wwupq b nuntumd, np wyy
nwph 2014 puljuihl, qupbwighi Jupupmubtpp diudnpnn hhnpn-
ontipintpupwtjutt wuydwuikpt tnk Eu jphun wipupbiyuwun, duw-
Swsnyph jnuunujdwt hhdtujuwt wdhuttphtt nknmdubpp ot Eu tnp-
dughg fthun gusp, dwpn wdujw pipwugpnid nhindws pupdnp obpdught
dntipn Wuydwbwynply) £ jninuljws djutt yupwpubph wunhduuljut
huyp, hulj wyph-dughu wdhuubphtt phundws nnnmdubtph qipuljphe dw-
up (90%) bnk) Lu ukpquiqudughl, npnup hnuph Jpu buljub wqnbtgnt-
pmi skt pnnunud:

Ujuyhuny Upinipjuth opudpwiph nmwpbkljut wnwybjugni jgu-
dnipjult dwjwpnulh jutjpunbudwt hwdwup vnwugjuws puquugnp-
ont Juyp hntuwih £ U pudupupnid b jubhwnbudwt poqupldui
hwdwp tEkpjujugynn yuwhwuetbpht b jhpwebkih £ juthiwnbunidubp
Juqubint hwdwnp:

- Zhknnwgnunipnitt hpujubtwugyt) £ 22 93U ghnnipjut yhnw-
Jwl Ynuhinkh npudugpus $htwbvwynpludp «Uhwbw 1hE b 22 jun-
onn opwdpwpubp quptwiuwghtt Jupupnidubph pipwugpnid ghnwght
ukphnuph b wpwybjugnyb dwjupnuljubph jutppwnbunwdubpp Yih-
duwgh thnthnjunipjut wuydwbtbpnud» 16YR-1E071 swsjwugpny ghwnw-
Jut ptduyh opowtiwljutipnid:
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Quuifununy ' U. Unupkyjuil

METOJHUKA ITPOI'HO3MPOBAHIA YPOBHA MAKCHUMAJIBHOI'O
HAITIOJTHEHUSA AXYPAHCKOI'O BOJOXPAHUJIMIIIA

JI.P.Bapnansn, JI.B.Azuzan, A.D.Mucaksn, I'.I".Cypensin, A.O.A3u3sH
Pesrome

AXYpSHCKOE BOJIOXPAHUJIHIIE CYUTACTCS OJHUM M3 BaKHBIX BOJOXO3SIHCT-
BEHHBIX O0BEKTOB ApMEHNH. 3HAHNE BO3MOKHOT'O MAaKCUMAIHbHOT'O KOJIMIECTBA
BOJIHBIX PECYPCOB BOJOXPAHWIIUINA B TCUCHHE TOJIa UTPACT BAXKHYIO POIb JIIS
BOJIOXO3SIICTBEHHOTO IIAHUPOBaHHA. B cTaThe MOCTaBleHa Iesib pa3paboTath
METOJIUKY TPOTHO3UPOBAHUS YPOBHS MaKCHMalbHOTO HANOJHEHUS AXYpSH-
CKOTO BOJJOXPaHWITHIIA.

Ha ocHoBe mMeErOmMXCs JaHHBIX THIPOMETCOPOIOTHICCKUX HaOIIOICHUN
JUIs. TIPOTHO3UPOBAHUS YPOBHS MaKCUMAJbHOTO HATOJHEHHS BOJIOXPaHHUIIUINA
Obuta pazpaboraHa MHOTO(AKTOPHAS PETPECCHOHHAS CBSI3b. XapaKTEePUCTHKH
MOJYYEHHOW CBSI3U YIOBJICTBOPSIIOT HEOOXOJWMBIM TpPeOOBAaHHSM BBITyCKa
MPOTHO30B M MPOBEPOYHEIC MPOTHO3bI, UCIONB3Ys 3TO ypaBHEHHUE, o0ecredu-
BaIOT BBICOKYIO OIPaBIBIBAEMOCTb.

WccnenoBanne BBIOTHEHO TpW (MHAHCOBOHM mopjuepkke [ ocymapcTBeH-
Horo komurera nmo Hayke MOH PA B pamkax HayuHoro mpoekra Ne 16YR-
1EQ71 - &Iporao3upoBaHue peyHOro NpuToka B 03epo CeBaH U KPYIIHBIE BOJIO-
xpaHunuma PA, nX MakCUMabHBIX YPOBHEH BO BpeMsi BECEHHETO TIOJIOBOIbS B
YCIIOBUSIX TJI00ATHHOTO U3MEHEHHSI KIIMMATa.
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MAXIMUM FULLNESS LEVEL FORECAST METHODOLOGY FOR
AKHURYAN RESERVOIR

L.R.Vardanyan, L.V.Azizyan, A.E.Misakyan, G.H.Sureryan, H.H.Azizyan
Abstract

Akhuryan reservoir is considered to be one of tlstmimportant water-
economic objects for Armenia. The knowledge of poé maximum water
resources quantity in reservoir over the year ipartant for hydro-economic
planning. Therefore, the main goal of this artidehe forecast of maximum
fullness level of Akhuryan reservoir. Based on e hydro-meteorological
observations data, multifactor regression equdtormaximum fullness level
forecasting was developed and the characteristicgven relationship satisfy
the necessary requirements for the issue of fotecasd the verification
forecasts, compiled with this equation, ensure haghuracy.This work was
supported by the RA MES State Committee of Scieirce¢he frames of the
research project N° 16YR-1EQ71 -“The forecasts akimum levels and river
inflow of spring floods period of Sevan Lake andjonaeservoirs of RA in
climate change conditions”.
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Upuwnpuljnn

NMutnthph dwdwbwluopowihg dhlish dpptwnup opuhghwip uUkd
wuwhwbowpl b niukgh] mwpwnbuwl qhupkph, gupshpubph b wyp hpkpp
wuwwpuundwt hwdwp: Uhyyuundwljuwb qupuopowih pupughtt ynipuw-
Juib puquyh ghpuljopnn vwup wwywhnyb) b nbnh opuhnhwih wnpnipubpp,
npnughg junonpugnyubph swppnid Gnipwwuwph hpwphughtt Yndu kpue
E Ubkpyuwyhu Zuywuwnwih mmwpwspnid b bpw wvwhdwbitkiphg gnipu ndyuy
wnpmniph opuhnhwih uytt nwpwsdu dwuhtt JYuynid ke dp owpp htnh-
twljutiph Ynnuhg hpuwljuwiwgwsd whwihqubph wpyniupubpp: Sy wphuw-
nwbipmd Ynpunwupyytt tknjhphg Uhth nip ppntqh qupuzpgwip pungplng
wnwpplp dwdwbiwljugqpujut brnwwybbphtt b dpwlnypubphtt JEpugpdng
Uljuwpkl, Uqupul), Yununin, Uyhunwy, Ywdwphu, Ghnnun, Skqupnn b
Upwquéh phpn hnipwpdwbphg swpduljut nkngbuughtt $jninpiugki-
ghuyh Ubkpnyny juunwpjws thwunwgpjus opuhnhwith tdnipbbiph niunwd-
bwuhpmpjui wpyniupubp: Uju wdyujbbpp hwdbdwnbnd b nybhwfw-
twgulng kpipupubulut whwhnhy puquynid pungpldus wdnwptbph htn
htwpwynpnipnit junbnddh hwuljwbw] tpwig Swonidbwpwinipnibp:
Upmyniupnid Ynpnpodtt Jipnhhojuy puwljunbtnhubph opuhnhwih nunpih-
quguult dnpbkjubpp, tpwighg dh pwihup Yphnnwpldit bwb dudwbwlu-
qruljut hwdwwnbpunnid, husp poyp jruu wowyl] dwtpudwut wunlk-
pugnu juqut) @npwiwuwph dwuhb' npuybu opuhnhwih wypymip b niuntd-
twuhpl] tpw hnwdph oguruugnpddw wunmhguip bt nwpusnidp:

‘Ukpwénipiniu

Zujuunnwtth tbpjujhu nwwpwspp hwgtgus E wwppbp nbkuwlh
puwjut nkuniputibpny, npnughg owwnkph wnpnipubpp, stuywsd pupy
Epjpupwiwjut jupmigquséphl, puulwuhtt hwuwbbih Eu: Uju
thwuwnp upunpnid £ nwppbp dudwwjubipnmd btwlb opuhnhwth wn-
piiputiph pwhwgnpénid, npnup b gnjuunbdwb nne pupwugpnid www-
hnyt ki twhmywndwljut pupuopowtttph puwlsnipjut pupk hu-
nniunphwjh inipwuljut puqut:

funubyny opuhnhwih dwuht' wpwehtt htpphtt huplunnp t hwu-
Juwbwy tpu wrwowgdu wuydwbtbpp b nknupwohnudp tnwpudw-
opowunid: Upwpwlut uwih b GYpwuhwyh Ynjjhqhwh wpynitpnid,
npp wbnh b niukgh] dnn 25dju. muph wpwy (McQuarrie and van
Hinsbergen, 2013), dtwynpyl) bt Zugyulwb (Ertwppuwphh opngku
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pwpdn wjwwnnl, npunkn wnbknh kb niikgh] wjnhy nkjunnwljut wypn-
ghuttp b hpwhuwunipinit: Uju hpwpuuyghtt wljntph dbe wnwtdht
ntn E gpuynid ppnt, nhnjhnwghtt juquh hpuppwjutnipniup, nph
htwnn juwdws tu opuhnhwith Yninwlnidubpp: Uhuyt Zujwuwnwth
ubpjujhu wwpwspp ubpiuyugus t wybih pwt 500 hpwphuwght
UYnutpny npnughg 20-p ppnt qupkpubp B b mubkt opuhnhwuh Utp-
Jugnidubp, pun npnug 22 nwpwsdpp hwdwpynd k opuhnhwiing wdk-
twhwpniun ppowtiibphg Ukyp wppuwphnud:

Zujuunnwtth nwpwspht ki yepugpynid nhnjhnwghtt hpuphwljw-
unipjutt hhdttwjwt 3 pwuqukp 17-11, 5.4-3.5 1 2.7-0.1 dju vnwuph Ju-
ntunipjudp (MkpT4aH (peg.), 1966, 1971, Kapanetsan, 1972; Karapetian et
al., 2001, 2010): Udktwbkphinwuwpy bppnpn $uquihtt B Jepugpynid
opuhnhwh gptpk pninp jungnp Gipkpp, npnig puppht Bo guuynud
wyuwhuh hqnp hpwphiwghtt Yndwkputitp, husyhuhp tu Upunkuhb, Zw-
wnhup, dnipwtwuwpp: Fugupnipnit ki juqunud dhwyt Ownlnibjug
(Entwonpuyh opuhnhwuubkpp, npnup mwpwswopownid wdktiwhhub
tu b pun wnpkytiph pdugpdwt dbpnnh pdugpdnud Eu 4,56(x0.20)Uj
wnwph: Zujuunnwh dbwgus pninp wnpnipttiph pyugpnipiniup ubp-
Jujugws t hbnlju) wounmpmnitbbpmd (Komarov et al., 1972;
Badalyan et al., 2001p):

Quuyws nmwpwswoppwunid dh swpp wy] wnpmnipubph weluynt-
pjull hind hktig Jkpnhhojuy Yndukputibph hntdph £ wywhnyb) nk-
nh puwuunbnhutph pupt hunniunphwjh hnwdph gbhpwlonnn dwup
(Badalyan, 2010):

Ulgutny niunmdtwuhpnipjut hhdbwlwt wowplu 3nipubw-
uwph Ynuuykipuh opuhnhwitht' twu whnp k ok, np ngjwy Yol kpuh
opuhghwtp wpnkt hul pudulut jwy ntuntdbwuhpdws k: Uy nrunid-
twuhpnipnitiubph hwdwp oquugnpdyt) Bt nwupplp wtwjhnhly k-
ponnutp b tpuig hwdwhputp, npnig oqunipjudp ntuntdtwuhpyby Eu
Ynuwkpuhg hujupdws dbs pwtwlnipjudp Epjpupubujui tuniy-
ubkp® (wnyniuwl 1) (Blackman et al., 1998; Oddone et al., 2000; Keller et al.,
1994; Keller, Seifild, 1990; Karapetian et al.,, 2001; Boulanger, 2012;
Chataigner, Gratuze, 2013; Lebedev et al., 2013):

bis Jkpupbpmu E @nipuwiwuwpht’ npyyku opuhnhwith hnudph wy-
pnip, wyw Zujuunwih nwpwspnid nmuppbp dudwbwluopewtink-
nhtu b dpwlynyputpht Jepugpynn puquuphy hnipwpdwutphg wppku
hull hwjwntwpkpdt] Eu nfju Yndwikpuh hnudph htn sSwgniduw-
puinpbt juwws puquuphy htwghnwlwut quuénubp: Uw thuu-
umd t Gmpwbwuwph npybu opuhnhwih wnpmiph, puduluihi
htwnktuhy pwhwgnpénidp b utpw hnidph juytt nwpwsnidp (Frahm et al,,
2014):
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Unniuwy 1
Amipwbwuwph Yndykpuh twhujht ntunidbwuppdw wpyniupubpp

Oddone et al., 2000 1 ubkjpnpnuuyghtt wnhdugnid
Keller et al., 1994 7 nhkuw. dyni/uljnpnt wljn.
Keller, Seifild, 1990 3 nhuwngbiuwghl
Anipwbwu $pyninplugkighw
wp Boulanger, 2012 1 ubpnpntuyhtt wnhyjugnid
Karapetian et al., 2001 2 nkuw. yni/ulpnpnt wljn.
Blackman et al., 1998 28 | ukjnpnbuyht winhyugnid
Lebedev et al. 2013 3 nhuwngkiugh
dpyninplugkughw
Oddone et al., 2000 5 ubpinpnughtt wnhdugnud
Unuhwipu e oner, Gratuze, 2013 1 | LA-ICP-MS
$ntinul Chataigner, Gratuze, 2013 1 LA-ICP-MS
Oddone et al., 2000 5 ubynpnuyghtt wnhdugnud
Spuphp Chataigner, Gratuze, 2013 3 | LA-ICP-MS

22 A@UU Zuwughwunipjut b Ugqqugpnipjut htunhinninnd ubplju-
mudu hpwjuwbwgynn «wjwunwith Ynip-Upwpujwb hnipwpdwuttph
opuhnhwih  wnpmipikph pun  phngkbwghl $yninphugkiighugh
(pXRF) dtpnnh» phdwmy wnkiwpuinuujut wyhwwnwiph spowbmy-
ubkpnid Brucker Tracer III SD Unnkjh owpdwljut uyklnpndbnpny ju-
wnwnyk] kb opuhnhwth puquuphy tunipubph wbhwihqubp: Ghwihunhy
niunidbwuhpmipjut opowbwlubpnid  tnyuybu hwynbtwpbpdt) thu
Swgnidbwpwinpkt Gmpwbwuwph hnudphtt juwdws puquuphy
tdnuotbp: Upjuyhund ndju) woliunubpmd Ynhunwplbt wwppkp
dudwtwlwopowinbpht b dpwlnypubphtt Ykpwgpyny hnipwpdw-
utiphg ywhnywé htwghnwlwb quuénutph wtwjhwnhly wpynibpubp:
GJu 8 hnipwpdwntiph nmwppbp dudwbtujugpulju Ynunkpunutphg
unwugyués ndjujubpp jpugunid Eu bwpjhund junupjus wouw-
wnwbptbph wpnyniupubpp: Uju ndjujubpp hwdwngpbing twpuhtt wp-
myniuptiph htwn b pughwinip hwdwwnbpunnid nhnnwupytnyg, htwpw-
Ynpmipjnit Juntndyh wnwygt) dwiipudwut hwuljuwbw; niputuuw-
pp Yndyibpup opupnhwith nkpp wjjwy phwuuntnpubph pupt pu-
nniunphwynid b hnudph nwpwsnidnp:

Anipwbwuwph hpwphought Yndy tpuh tjupugqpnipmniup
Qmpwiwuwph  hpwplughtt Yodwyibpup  pinipughpt wnwlly
dwipudwut ubpujugdwsé E hbnljw) wpjpwnwtpubpnid (Kapanerss,
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1972; MkprusH, (pex.) 1966; 1971): Uninpl nifju] wpjuwwnwupubph hh-
dwl Ypw Jubkpuwywugyh tpw hwdwpnwn mwuppbpulp.

Gnipwbuwpp mbknugpjws E Ghnudw (Eptught pupdpuduinu-
nud’ Yninwyph uvwpu]uinh hniuhuwghlt kgpht : Zpwpwght Ynd-
{kpuh woluphwgpuiljut Ynnpphtwntbp ko' hymuhuughtt uyine-
prul 44° 41" 1 wplbpub bpluyimpjui 40° 22°: Cunhwimp 704u? dw-
ytptu qpuntgunn wju Junnygp hpkuhg tkpjujugunid E Epuwnnpniqhy
gupbpwdl huujulwt dwpdhtt b dAbwpwinpkt muh pujuljuht
puipn Jupnigusp: Uju ddwdly, onipg 34U hhupny b 600U nnpudwghd
niitkignn fpwntwpwiny hwupppwsht Ynt b Zpwpheh hnupbpp dqynid Eu
ntuh wplununp b hwpud-wpldninp 6-74U° hwubkyng dhish Unin-
untu, Yupkuhu, Ujwthwpu, dwtnnwb b Qpupkp gyninkpp, npunbn wnw-
owgunid kit bu vh puth hwdtdwwnwpwp thnpp huptnipnyu qupkpubp:

Zudwduwyl (Karapetyan et al., 2001) wjjujutiph hpwphiwghtt wljnh-
Unipyniip wyunkn u y qpoud wpnwhwynyk) E nhnjhinughtt whpnljjwu-
wnhl hnupbtpny, npntp ninklgyt] Eu opuhnhwth b owpnitwlyly pw-
Julwuht hqnp nhnjhnwghtt b nughwnwhtt juquh juuyhtt hnupbpny:
Uhohtt wifjuinngtinid hpwpnijup wuwwnedb) £ wpwjuppuqujnughe b
wlntkqhwnught juquh juduwyhtt hnupbpny, hgh wpnyniupnid £ wnw-
owgh] £ Gnipwbwuwph pwntwpup: Opuhnhwtp wyjuwnkn hhdtwlw-
und p huyn £ quihu quyjubibph wikupny, npnp qunignd G wbn-
lhwnughtt hnupbpnud: Znupbph wwwpuwjhtt nne uwybupp Gpbnwd E
Zpuqnuibth Yhpdmd' Yupkithu b Unintintu ggminkph dheli, npinkn Ubp-
Juinud Gt winbkqhnw-puquinuihtt jwjwttpp, hull tpwbg Jtpw-
npnud E {hyuphwntph b opuhnhwth hnupp: by JEpwpkpnud L dudw-
twlwugpnipjuip, wyw tpwip nuntdbwuppyby b pyugpdwt wnpk-
Ytnph dbkpnnny dnwn 0.31dju nuph [Undwpny, 1972; Badalyan et al., 2001]:

Qmpwiwuwpp npubu opuhnhwih wnpmnip, shwywé pw pupd-
poipjubp hwuwbbyh k, pwih np bpw opuhnhwih hnupbph phwljwib k-
ptipp dbpyuinud Eu 1500-1800U pwpdpnipjut Jpw, htst wju Yndw-
1Epup nupdumd £ nmwpwswoppwunid Juplnpugniyyuubphg dklp: Sw-
pwéph Jihdwjuut wquwydwiuubph dwuhtt upbih £ ok, np Gnipw-
twuwpp piljntdpinhg dhish wwyyph) Swsyyws £ jhund 25-50ud djut
otipuniny: Opuhnhwih Ynunwynidubpp pwdujuttht wpwwn b, huly
hnidph npwlp pwpdp: SEnuiupnid hnudpp tkpuyugqus b puqnid
Epwqubpny’ wipuwthwig ubhg b dnjupwugnijuhg dhish swqubwlw-
gniju, htsybu twlb psuynp ult b yupdhp (Kapanerss, 1972):

Ujdd ubpluyugubup Epjpuputuljut wndjuiukp Smpwbwuwph
hudph Uniu qupkputph dwuhl, npnup tnybybu tkpuyugdus tu op-
uhnhwiny b hwdwpynid Et wninkughw) hnidph wnpnipubp:

dwunw: Uju thnpphly jurnygp mbknunpgws £ hwdwinit gyninhg
1.54d npwh hyniuhu: dwbnwtp dwpwinpk 700 pupdpnipjudp b 30-
35U mpudwgdny qupbpwdl, wmthwdwswth Ynt E, npp dhwinwd £ Gni-
pwbwuwnh whejhnnwhtt hnuphti: Qdpkph hhupp Yhuwlnp £ b wd-
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pnnonyhtt ubpiuyugywé thywphwinubpny b mbn-ntn opuhnhwih Gipk-
pny: Ujuyghun] $Swbinwubh dbwpwinipiniihg bjiknd’ Jupkih b wuby,
nn wjt thnpphly hupunipnytu hwpppuwghtt YEunpnu E: Cunn pdwqpne-
prull Swbnwip b dpniu popnp Eapunpmipbpp hwdwdudwiwljju ba
Anipwwuwpht:

Uqyuthwpu: Qnbdmd E Swlinwihg 2.34d ghygh hymupu’ Gputhupu
gninhg nwh wplityp: bpkuhg ukpuyugunud k 2{d npudwgényg b 150-
160U pupdpnipjudp qupbputdwt hpwppwht nt: QUuwpwtnpbh Ujw-
thwpup puduiynid | ququpuyhtt gupiph b Juwhwtwdlb hhuph: Lpw
nn9 quptpp wuwwnjws E whnhwnutpny, hul] ququpht dkpjuind Eu
opowtiwdll nkup niukgnn dtwgnpnuyjht snppnppujutt hwuwlh wunk-
ghnw-puquinuhtt hnuptp: Znupbkpp wyjuntn, hsybu b Anipwbw-
uwpnud, ywhnthnwght juquh Ew: Opuhnhwip hwinhynd b wwulb-
udwt puthwighl] b ppwdpws dwpdhtubpny: Unweohtt tnupuwnbuwlp
hwunhwynid E gkpnnuyghtt hinpnighwubpny, huy Epypnpyp guugnud |
wbkn hnwjht hnupbph Eqpuyjht dwubpnud:

Quiptuhu (Ynuiny): SYju qupbkpp wmbnunpjus bt ubkplughu
Yupkihu (bwjuljhinid Qgnidniy) gninhg 0.54U hknwynpmpjui Jpu
Zpuqnuith Yhpsh dwpn dwunid: Ywpkuhup gpbpwdl 0.74u hhuph dw-
tptu niubignn Yunnyg L, nph ququpn pupdp L Zpuqput ghnhg 300-
315d: Zjniuhuwghtt b wpbdnywt Ynndbphg wyt yuwndws b gnjbpp-
wwght puqupunibtpny, hul] wplkphg b hwpudhg whpojhnbbpny b
whuquubkpny, npnkn tjunynd kb bwb hywphwntbp b opuhnhwtubp:
[*hnjhnnwght hnupp tkpuyugws E ub opuhnhwng, nptt wytnithknl
wlgtnid £ Unfupugny b Jupdhp bpuiqubph qupbkph dnn wjupun-
Jbtny whnhwnubtpny b whdquukpny:

Qnupkp: dnipwbwuwph jwduyhtt hnupbpp hwubnud B twb Qpu-
ptp gninh Unwnnwluypp: Ujunbkn tpuwip wpnwhwjnduws kb didwdw-
uwdp yhnjhnubpny b ywhdquubkpny, hnuph tbkpplth dwubpnid wpw-
owgunid kt opuhnhwth dwpdhtibp: Qpupkpnid opuhnhwtiught dwp-
dhtubpp dtwpwinpbt wniw b nuwyywlubph b guyuyhtt dwp-
dhtutph mtupny:

Anipwbwuwph opuhnhwh Epypuphdhwlwut juquh
wnwbduwhwwnlnpniuutpp

Iunutiny njuy Yndwtpuh hnudph phvhwlwt juquh wpwbdbu-
hwwnlm pniutkph dwuhtl whnp E wub), np hwdwdwyh pnpnp bwjunpy
nuumdbwuhpnnbph’ Yndybpuh Juquh dke tkpunjwé wnpmipkph
hnudpp qpbpt vhwubn E, tdnipttpp juqunud Bu dEY hwdwubn junudp:
Zudwdwyl ubpinpniuyghtt wjnhjugdw Ukpnyny uinwugdwusd wpyniup-
ubph Bupwnpniputphg dhuytt Ujuthwpuh tdnpubpp dp thopp wnwp-
pipynud Bu Yndubpuh djniu Gipkph hnudphg, vwluyt unyuhul nu
pny] sh mwhu thwuwnk] htwghnwlwb gquudnih uwnjuukihnipniup
Upwthwpuht, wy ny Yndubpuh Ujniu Liptpht (Badalyan et al., 2004):
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Uhtiinytt dwdwtwl] htwnlju) wommwnwipnmid (Frahm et al. 2014)
upynud Lk, np wyu qupkputph hnungkt hnudpp httwpwynp £ mmwppbpty
hp dwquhpuwutt hwwnlnipniuutph ounphhy: Ynipwbwuwph opuh-
nhwlip hipnmppudp nwppbpymd b 2ujuunwih dbwgus ponphg
wnweohli htpphtt hp pwphnidh b ghpynthndh pwpdp wupnibw-
Ynipjudp: Puy Jtipwpkpnud b dbkp Ynnuhg owpduljut nkingbuwght
dyninpbugkughuyh dbpnnny unwgud wbwihwnhl wpyniupubphl,
www Jupbjh £ wuk), np nno hpwphwghtt Yndwbpuh hnwdpp dhwubn £
b ndup £ wnwdtiwgut) ntunidtwuhpws hnuptphg nplik dkyp:

Snipwbwuwph hpwphiughtt Yndy ipup hntdph nupudnidp
ubkinjhp-n12 ppnugh upnid

Unyt wohumwnwtipmd pipjwsd i opuhnhwth (hnyhtt unp wbw-
1hnhy wyjwjutp ubpyuyhu 22-h muppbp opewtintiph htiwnlbyjwy htwgh-
wwlul hnpwpdwilbphg Uhtwoky, Ugqupul, Yuninuwn, Ugyhiwl,
Gudwphu, Pinnun, Shnupnun b Upwqush phpr: Cun npnud pojnp k-
nnhhojuy hnipwpdwbubph Wnipp pugupnipjudp Uuwpkuh, wtwihqh
t Gupwplyl] wnwohtt wuqud, hull Ultwokuh opunhwuh hunniuwn-
phwt ntumdtwuhpyl) E (Badalyan, 2010) wpluwwnnipjut spowtwmljuk-
pnid, uwluyt myjuy Ukpngny wyt inyuwbu wnwehtt wbhqud E niunid-
twuhpynud, hlyp poyp Yuw dpgpinty ndjuy hfuyph opupnhwth
ninhhquguut Unnbip:

bPusywbu wppku upytg, mwppbp dudwbwuoppwbtipht b dow-
Unyplbpht Jbpugpynn  puquuphy hnpwpdwbikphg wpnkl hul
hwyntwpbpyt) kot @mipwbwuwph hbn swgnidwbwputinpbt juwyJus
hiughnwlwb quuénbitp, husp junumd b Gpw npubu opuhnhwih
wnpniph htnktuhy ogrnuugnpsdwt dwuht:

Tpw Jun ophtwljutphg G bwpujhinid ppwlwbwgus hbwnlyug
wpuwnwipubpp.

‘Luwihu (Blackman et al., 1998) wipjuwwnnipjut opowtwljutipnid ubjn-
pnuughtt wjnhjugdwt dbpnyny niunidtwuppytghtt opuhnhwith Yny-
Juuywt gpbpt pninp Jupbnpugny wnpnipubpp, npnig pynud Eht
twl 33 Eppuwputwljut tunipubp nipwbwuwph Yndwkpuhg: Uhl-
unyu wohtwwnwiph opowbiwlubpnid wju tunipubph htn tnyhwlw-
twgytg Zujwunwth, Ungpphipwh b dpuunwih ntumdbwuhpynn dh
owipp hnipwpdwuttphg hujntwpbpgus 576 httwghwnmwljut udnipuk-
nhg 57-p, husp juqunud £ dnwn 10%: Upwpuwnjwb nuownwduyph ubn-
1hpjwt hntpwpdwbttph hwdwp Gnipwbwuwpp wywhnyby £ hnwdph
9.5-21%-p Gwhu]wd nhunwplny hnipwpdwihg (Badalyan, 2010): Uy
wy] Jun ophtiwl] Jupnn E swpuyl) L. Cwnbkiyth b . Gpunniqh wpy-
liwwnwtpp, npunkn Zujwunwih nwwppbp opewbitkpnid quuynn Ykpht
wuwitnihphg uptsh nip ppniigh dudwbwlwppewtpht Jipugpynn U
owipp hnipowpdwuubphg niunidtwuppus 129 udnipubphg 22-p Jhpw-
gqpyby Eu htug ndjuy YndwEpuht, husp juqunid £ unwn 17% (Chataigner,
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Gratuze, 2013): Pwugh wyn, tpwbwlwih E wyb thwuwnp, np ngju) hpw-
phuughtt Yndwtpuh hnudpp, stuwywé pwduluuhtt htnktuhy 1nluyg
nwpwédwip sppwtmnyt) E twlb wykh hEkpwynp opowbitipnid pln-
hniy dhtsh 15004d hp dwquwt Juyphg (Badalyan et al., 2004): pw
dwuht b Juynd @nipwbwuwph hnwdph weluynipniup Qugpnuh
opowtinid U dwutwynpuwtu Ppuinid qugnn Pwj-h Uwjjub hni-
owipdwtinid (Blackman et al., 1984):

Uju b Ujniu wpjawnnwipubpp thwunnid Eu Gnipwbiwuwnph hnudph
ny vhuyt nu), wpb pujuljuithtt nywynphs mwpwsnudp unyuhuly
Uhtsl 15004u htipwynpnipjut Ypus:

Ubwhnpl ntumdwuhpm pinibinbp

Opuhnhwth wihwhnhl ntuntdbwuppnipnit hpujwbwgtbint hw-
dwp ubpuynidu wdpnne wohuwphnid juyunpti Jhpunynid i twpalyh-
unid oqunnuugnpdyny oyynhljuljut uybklpnulnuhly dkpnnht (Renfrew et
al., 1968) thnpunwphtudwt Ejws wybkih dudwtwlwulhg dvh pupp whw-
1hnhy dbpnnubp: Fpwup Eu thpnpntuwght winhjugdwui (INNA),
nhuwnghtughtt $ymnpbugbighuyh (XRF) dbkpnnubpp b yjuqduht
uykjunpnswthwljut whwihqp (LA-ICP-MS): Uwljuyt kpotpu, oguw-
gnpéynid k twlb yEpnhhojuy nkingbwghtt $yyninplugtughwgh dbpnnh
wkjh wpulnhl swpdwlwi nkuwlp (pXRF), npb b hkug Yhpunb) k
nju] wohimnnipjul opowbwfjubpnid: Upjnwwnwtipnid  tdnipubipp
niuntdbwuhpljnt hwdwp oqunugnpéyky E pmapdwljut Brucker Tracer III
SD unpkjh uvykunpndbnpp: Unuu jupnpunnp dkpnnubph tjundwdp
wju Ukpnnh wowkmpmnibbpt k' wwpph swpdniwlnipeyniup husp
pny] E nwjhu oquugnpst] uyt wtdhpwytu nuownwihtt yuydwuk-
nnud, whwhqh wpwg ppwgpp, htsybu bwb Phtwtuwlju wnnidng
dwwnshhmipniup: Uju phwpnud, Epp Epnhhojwy dEpnpubpp pudw-
Jutht pwulupdtp Eu b jupnpuwunnp wuwyjdwbubpnd dbY wbwihqh
ghup Jupnn E hwutl) pughnuyg dhish 70 UUL gojupph widju) dkpngp
owwn wykjh hwuwikh b stwyws, np whwhnhy onnipjudp ghonid k
Jwpnpuwnnp mwpuwwnbuwlubpht:

dtpnhhojuy dkpnnny wuwihqh tht Eupupll] Zuyjuunwih 20 b
dpuwuwnwith 1 opuhnhwuh wnpnipttph tdnipubp, hush wpyniapnid
Alwynpytg bEpljpupwtuljut tdnipubph wbwjhnpl] puqu: Upwbg
pUnud Eht twl tdnpbbp nhunwpldnn hpwphught Yndwyjkpuhg Qne-
pubwuwph hnup-5, Qpuipkp-4, Swbnwb-2, hul Yupkihuhg 1 tdniy
(2nithwipjuil, 2017):

busyhtu tpdtg wpnwwnwiph opowbiwjutipnid ppwljwbwgyty tu vh
owpp wnwppkp httwduwypbphg hwynbwpbpywé httwghnwlwt guw-
dnubkph wtwjhnhl wpyniupubkp, npnig swppnid Enipwbwuwph hpw-
pluughtt Yndwkpuptt Jkpugpynn tnyuwlwiwgws udnipubph pun-
funudt b Ukup wydd Ynhunwplkup.
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Cunhwinip wodwdp, ntuntdttwuhpynn 10 mwppbkp dpwlnyputpht
b dudwtwlugpuljut blnuyukphtt yuwnljwinng hnipwpdwuubph Ynb-
wnbpunubphg hwywnbtwpbpyl] b tnybwluwbgdl; it Snipwbwuwnph
Yndy kpuh htn swgnidtwpwunpbt juydws htnlyu) pwtwlnipjudp
uuniptutip (uly.1, 2, 3): Uthwhqubtph wpyniupubpp pduyghtt wpdtputph
wnbupny phpdws skt hnpJwsh vwhdwbwthwly swjwh yuwndwnutphg
Ejubny:

L.Ujtwokl (uknjhp): Uknhpjwt dvhwly htwduypp, npnknhg hpw-
Jwiwgyt] ki wiwhqubp, Upwpunyui quonudumd Luuwfu ghnh
unnphtt hnuwipmid quniynn Ultwpkut k (Badalyan et al., 2010): Cur-
hwiunip pwbwlny 118 udniputpg Gnipwbwuwpht Jkpugpdt) £ 12
guudn (10.15%): Uju nfjuubpp jpugunid b Jekpuwhwunwnnd B
twjujht ntunidtwuhpnipjut wpnyniupubpp:

2.Uqupuly (un ppntq): Zuwduypp qunuymd b Swdhpudh uw-
pwhwpph wpbbjjut dwuh b Upupunyub guonwuduph dhol gqnuynn
nwpuspnid (Cnidwibyub, 2012): Znipwpdwithg whwihgh ku Euipunpyyt
punhwinip pwbwynipjudp 130 tunipttp, npnughg 21-p yhpuqpyt) B
Anipwwuwph Yndykpuht, by juqunid E dnwn 16.15%-n:

3. Yununiwn (Jun ppntq): Chpwlh dupgh Ywununun gyninh hwpbw-
unipjudp qunuynn hwdwinit hnipwpdwihg wuwhgh hwdwp pnygby
thtt 31 quwénubp, npnughg dhuyt dklp tnyhtwljutwugyt) b npyhu
Anipwwuwph hnwdp. Pusp juqunud E pughwunip wdnipubiph 3.22%-p:
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4.Uyhuul (Jun ppnuq): SYjuy phwljuntnhhg nunidbwuhpjwus
opuhnhwth 20 tunipubph wbwihnhl wpyniupubph hwdwdwjt ninh-

1hquguwit dnpkih 10%-p (2 tdnip) pwdht E puljunid htug Snipubiw-
uwph Yndwpupt:

5.9udwphu (Yun ppnuq): Uju htwduwypnud inyuybu hwynbwphbp-
Yty E hnwdp swgmutwpubinpbi juwyws Snipubwuwph hbn: Zudw-
yuwnwupjuub dpwlnipuwght okpnhg winyws iyniphg wihwhgh hwudwp
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plnpty Eht 21 tdnipbp: Uhwjhnhl wpyniapbbph hudwdwyb' dhugb
Ukl quwédn E Jbkpwgpdl) dtpnhhojuy wnpmoiph, husp juqunud k
punuukup 4.75 %:

6. Finnunn (Jun ppntq): Lnnnt dwpqh @hnnin gninh dnwnwljwy-
pnud quiti]nn kplnt hwplwt' vwpwnwing b 2oph Qb phwlwntnh-
utiphg ntumdbwuhpdwt hwdwp wnlw Ea 20-wljut opuhnhwitk quw-
énukip, npnughg, uwljuyt, dhwyt Ukhp (2.5%) unybwluwbwgyby Enpybu
Anipwbiwiuwph hnwdp:
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hwpwpbpulgnipjui

7. Qtnqupnun (Jurn, nip ppnbq): Ownuhnyhnh nuownwyuyph
wpldnyub duund Gudpulh (hebwonpuyh hupu]ughtt jubekphi
gunynud £ Upwquéninuh dwpgh GEqupnun gninp b tpuw hwdwinit
hnipowpdwip (Badalyan et al., 2008, 2013): Q@tnupnunh ntypnid nrunwd-
twuphpdty Eu U Jun U n ppnbqinuput hadwyuwunwupiwbwpup
308 L 243 htwghunwlwb tdnipubp: Ujunkn bu, stuywsd ny ks pw-
twlht, weljw £ hnudp Gnipwbwuwphg, npp juqunid £ dnn 3.25%
(Jun ppniq) b 1.25% (n1p ppntq): GEnupnunp Jun b n1p ppnuqlqupyut
puwljuuntinhutph dhol wnlw E wnwyk) put qquih dudwtwljugpu-
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Jut nuppipmpmit: Upwip hwdwyuwunwupwbwpup pdugpynud Eu
U.p.w. 3350-2900p7. L 1500-1150pp: Bplynt Ynunbpunutpnid £ Gnipw-
twuwnh opuhnhwth wnjuwmpnitp fununmd £ wndjuy wnpnip hnwdph
phl thnpp swhwpwduny, vwljuytt wuthnihnp jhpwndwb dwuht:

8. Upwquwbh pkpn (n1p ppniq): Ghnupnunh hwphwinipjudp nk-
nunypjué b tpw nip ppnuqbnuput thnyhtt hwdwdwdwbwlu wju
htwjuyphg wtwjhqh hwdwp welu bu tnkp 405 tdnipubp, npnughg
dhuylt 3-p (0.75%) wwnljuinud ki Smpwbwuwph Yndwkpuht (Ba-
dalyan, Avetisyan, 2007):
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Bqpulyugnipjniiubp

Ujuyhuny gmpwiwuwph  opuhnhwih hudwp  phingkiwghi
$pyninplugkughw dkpnnny unwugywsé wwhnhy wpnniuputph hhdwi
Ypu npnoywés wnwbdwhwwnlnipniuubphg bjukny Yupkih £ wuky, np
2Z2-h wwwpwséph Upntu opuhghwtibphg wyt mwppbpynid £ wnwoht
htppht Zr, Fe pupdp wupnitwlnipmitubpny: Uju thwuwnp poy) b
wnwhu oquwugnpdt] wfjuy wwppbph wpdtpubph hwpwpbkpulgne-
pintip Gnipwiwuwph opuhnhwth wpwbdtwgdw b inyhwlwbwug-
dwl hwdwnp:

Gnipwbwuwph hnwdpp hwynbtwpbpws £ niuniduwuppynn 10
plwljuuntinhubphg 8-nud, hugp, wujuuluws, hu vkl wiqud fjunumd k
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opuhnhwtth wju wnpniph htnnktuhy ogunugnpéudwt b qquh yuwhw-
ouwplh dwuht: Smpwbwuwph opuhnhwtth fuplnp wnpmnip (hubkn
dwuht jununid k twl tpw hnudph hwunwwnnit b mbhwljut ogrnugnn-
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ubpnud: putg pynd Lu ny Jhuyt hwpwlgnn phwuwduypbpp, wyl
wnpniphg qquih hbinwynpnipjutt Jpu nbnunpjusubpp: ‘Lpwbhg
wlbkbwhtunbuuhy gqopdwbmipmiit wjt quutp £ pwjwlwihtt dnun
quinnn hnvpwpdwibbpnud: Ypwip b Jun ppnbqhnuput Ugqupul

htwfuypp, npntn nyjuy hpuppughtt Yndwitpuh opuhnhwth swihw-
pwdhtp Juqunud E wdkh pwt 16% b ubknjhpjut Ultwokt hnipwp-
dwtp, nph hwdwp Gnipwtwuwptt wywhnybk) E hnwdph wykh put
10%-n:
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Qnuifununy v, Ukjhpubpyul

I'YTAHACAP KAK HICTOYHUK OBCUJIUAHA B IIEPUO/|
HEOJIUTA-BPOH30BOI'O BEKA

A. K. Jllxyrapsin
Pesrome

OOcuanad OT MaJICONTNTA 10 CPEAHEBEKOBBS OBLT MIMPOKO BOCTPEOOBaH B
KaueCTBE ChIPbsS JUIS MPOU3BOJICTBA PA3IMYHBIX BHIIOB OPYKHS, HHCTPYMEHTOB
U ApyruX mpeaMeToB. bonbias 4acTh MaTepuaibHOW 0a3bl MECTHBIX KUTEICH
obecrneunBanach JIOKaJIbHBIMU KPYITHBIMU MUCTOYHUKAMH OOCHIMAaHA, OJHUM U3
KOTOPBIX SBJISETCS ByJNKaHUYEeCKui kKoMmiuieke ['yranacap. O6 obmmpHOM pac-
MPOCTPAHEHUH CHIPhsI 3TOT0 UCTOYHUKA HA TEPPUTOPUN APMEHHH H 32 ee Tpe-
JieTlaMH CBHJICTEIBCTBYIOT MHOTOUYHCIICHHBIC PE3YJIbTAThl aHAIM30B, MPOBECH-
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HBIE PSAIOM aBTOPOB. B maHHOW paboTe paccMOTpEeHBI Pe3yibTaThl MCCIENO-
BaHWH 00pa3oB oOcHAMAaHA W3 MAMSITHHUKOB, MPUHAIJIEKANINX Pa3HBIM KYJIb-
TypaM W XpOHOJOTHYECKHUM 3II0XaM, MOIydeHHbIE METOJOM MOOWMIBLHOU PEeHT-
reHoBoil (ayopecueniuu. CpaBHMBas 3TH JaHHBIE C OOpasllaMHu, BKJIFOUCH-
HBIMH B TCOQHAJUTHUYECKYIO 0a3y MaHHBIX W HISHTHQUIHMPYS UX, B padboTe
0osee mMoapoOHO MOKa3aHbI OCOOCHHOCTH MCIOJIB30BAHMS M PACTIPOCTPAHCHHS
oOcuamnaHa Komriekca [ 'yranacap.

GUTANASAR AS OBSIDIAN SOURCE IN NEOLITHIC-BRONZE AG E
A.K. Juharyan

Abstract

Obsidian has been of strong demand as a raw nidtenathe Paleolithic
period until the Middle Ages for the productionwarious weapons, tools and
other items. For the ancient people, the majoritythe utilitary base was
provided by local obsidian sources, one of whichhis volcanic complex of
Gutanasar. The widespread use of this source irtetinigory of Armenia and
beyond testifies to a number of analytical reswiésried out by different
authors. This paper examines the analytical resaftsobsidian samples
excavated from settlements attributed to differeimtonological periods and
cultures and obtained by the method of portablayxfiuorescence. Comparing
these data with the samples included in the gebtrice database and
identifying them, it will be possible to give a modetailed picture of the use
and dissemination of Gutanasar obsidian.
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The area of Artsakh, located in the Lesser Caucasusttractive for
studying human evolution in its archeological arbenvironmental context.
Karin Tak cave, situated in Shushi region (Repubfié\rtsakh) is a regionally
important Paleolithic site yielding viable genetifata, thus allowing the
reconstruction of ancient biodiversifjhe cave exploration started in 2011 and
followed by preliminary surveys in 2014 and 201%a{®rd, 2015), as well as
large scale excavations in 2016 and 2017 (Antonosyal., 2017).

The site contains Late Pleistocene to Holocenenssds with hominid
remains, stone tools, flora and fauna. The caveimreabited by early humans
at least since the Upper Paleolithic evidencedhbypresence of obsidian stone
tool found in 2015.

Geology.Karin Tak cave is located in the Alpine-Himalayaogenic belt
(in the part of the Eurasian margin) in the LesSaucasus Mountaing.he
widespread Mesozoic-Cenozoic volcanic, volcanoraedtary and sedimentary
deposition are controlled by Northern Neo-Tethygamic crust subduction
under the active Eurasian continent.

The cave is situated in the right bank of Karkserj where Middle, Upper
Jurassic deposits (Callovian, Oxfordian) are expo&eollective of authors,
1994). On the left bank of the river, Shushi blakresented by Middle Upper
Jurassic Callovian, Oxfordian limestones of 40 nckimesses. Limestones of
Karin Tak cave have strike of about N22fd dip of NE 18 The dipping of
Middle Jurassic (Bathonian) sediments is morecaitithe siltstones have strike
of N138-142 and dip varies between 29%4E.

Tectonic. Tectonically the area is situated on the axial mdrEurasia-
Arabian collision zone. Many tectonic episodes tamyed on this confined
area of Artsakh, starting from subduction to callis and then undergoing
advanced collision stages.

The influence of active faults is important in tle@going geological
processes of the area. The part of these faultsherited from the collision
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initial stage (Paleocene-Eocene time) with certilimematic changes (e.qg.
Sosson et al., 2010; Avagyan et al., 2010).

Upper Jurassic limestones have various fracturemgity in the cave. One
of the cave halls is controlled by the fracture hwitrientation of N55,
Horizontal movements are possible along this fractd tectonic fault of
almost the same direction is observed the northern part of the cave
entrancgN50° 80° SSE 13E-NE S). The dip of the near-vertical fault plase i
similar to that of aforementioned fracture. If tdjacent surfaces of the moving
blocks are irregular, the movements along the faults mayperate
emptinesswhich can afterwards trigger additional karst peses Thus, the
tectonic component of the cave development is ewide

Collapse. The Karin Tak cave is a very interesting site inmrof
speleoseismology. The objective of its study is dagthquake recording in
caves. There are several collapses, most probdfdifferent origins, in Karin
Tak cave.

On the Digital Globe 2013 satellite image the Upperassic limestone
surface, on the top of the cave on the plateabais, whereas the vicinity area
is covered with soil. It evidences about developedical fracture system and
active suffusion and karst processes. Ind#eere are vertical emptiness and
fractures in the caveThe largest one is located on the central path@fcave,
above the central collapse. No karst developmesemied in this vertical
emptiness, which is filled by breccias and someldacemented by carbonate
material.

With upwarddevelopment theipe shape emptiness and fractures can
be ended by surface sinkholes and collapse. material of the collapse
forms wedge-shaped cone. The coarse dékiisg formed instantly becomes
thicker toward the collapse sourc@he weakly layeredand finely
fragmented part with clayey and sand matrix waméatrelatively slower. It
becomes thicker far from the collapse center aed,tlgain, gradually
thins. In the second hall of the first caveit was dug. The upper 47 cm
layer is formed during ca. 42,000 yeamhe coarse debris begins at a depth
of about 0.6 m on the southern wall and has abdutrOthickness. Therefore,
from the top to the bottom the evenly time gradigplication to the thickness
will be not correct. The age of layer rich with anic matter, underlayered the
coarse debris formation, is equal to the age ofmtop layer plus the age of
the finely fragmented layer.

The large volume of collapse armmopagation distance evidence
about possible seismic triggering. This hypothasight be provenf the
aforementioned collapse and the second loosted near the entrance of
back hall originatecat the same timeA stalagmite mirroring thousands of
years of collapse appearance was formed on thedeodapse.
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QbhSUUUVL vCOLHYU

ELUrfufULUYUL @hSNRESNPULLECP TUSUNRESUL
UPQULAUSPUL zULQLUGNNINY P (INHIGEO)
42-01 9bSUGNNYLC 2ZUSUUSULNRT
(INHIGEO-h 50-wdjwulyp)

© 2018p. Iv. Uk hpubpjul, U. Uhumljjuu

22 QUU Gplpupwiulul ghnnipimnibikph pliunfnnin
0019, Gpluul, Uwppuy Punpudyul vy 24w
e-mail: km@geology.am

2017p.-h ubwywubtdptph 13-18-n 22
Ghunipnittbph wgqujhtt wjwunbdhw-
mnud juyuguy Gpipupwbwljuwt ghwnnt-
piuubph  wuudnipjut  Uheowgquiht
hwudtuwdnnnyh (INHIGEO) 42-pnn ghunw-
dnnnyp’ Whpdws INHIGEO-h Juquu-
JEpydwb 50-wdju hnphjjuuhie

Cpjpwputtwjutt  ghnnipnitubph
wuundnipjut dhpwqqujhtt hwtdtwdn-
nnyp hwunhuwinud £ hp npnpund wp-
howuphnmid wnwghtt dhpwqquyht ghwiw-

13-18 September 2017, Yerevan, Armenia

Institute of Geological Sciences l_lulh llulqlfuﬂlhpulnLIa]nLhE, npb hu1u1—

Armenian National Academv of Sciences mmllh .t hlIaulhh]_ hpllph dmul’lh qhmn]__
pmiubbph b dwubwynpuybu bplpu-
pulinipjull ywwndnipjut nnpunid juwnwpynn swpnibwlulub hk-
wnwgnunnipniatbph wbugljugnidn:

1964p.-h Uhowqquiht kpipupwtwljut Ynugptuh opowmtwljubpnid
npnoykg unbnst) Gphipwpwtwljuwi ghnnipnibubph wwndn piut vh-
owqquihtt hwuduwdnnny, U h juunwpnidtt wn npnodwt, 1967p.-hu
Gnlwind® unphpnughtt Zwjuwuwnwh ghumpnibibnph wjunbdhw-
jnud, mbnh niukguy Zwtdtwdnnnyh hhdtwnhp dnnnyp: dnnnyh opow-
twlubpnud Zwjwunwip hmippuutg pyny 150 Epypuwpwubtph wo-
huwphh 15 Epyputphg, nph wpyniupnid unp ghnnwljwut hwuwpulne-
pjul winudukphtt htwpwynpnipnit pudbkntiytg vhdjmug htn swun-
pwiwmt b ghnwluwt qunuihwpubpnd Yhuykne: 1967p.-hg h Jhp
Zuudtwdnnnyh winudubph Ynnuhg hpuunwpuwlytghtt ghnwuljut Uks
wndbp Ubkpljujugiunn dkdwpwbwl woppwwnnipjniutp b Jktwqgpni-
piniutitin:

1968p.-hg ujuws INHIGEO-u hwunhuwinid b Gplhpwpwbwluu
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ghuinipniuitinh vhowqquyjhtt dhnipjut IUGS) wiunwud juquultpynt-
Pyl

Lknyuynidu hwtidtwdnnndu nith 289 wunwd 57 tpyphg: Zwywu-
nwbp tbpuyuginid t 4 dwutwlhg' v, Ukjhpubpjub, U. ©hjhwynu-
jat, @. Uuyhuowuyut b @. undhgniph:

Uugyu nmunh Gplwind juyugus INHIGEO 42-pn ghvnnwdnnnyht
dwutwlghg onipe 70 ghnbwlwh 18 kplnhg, tkpunuy UUL, Yubw-
nw, dpwivhw, Fhpdwthw, Pruwhw, Kwwynuhw, Udunpuwhw, Uduwn-
nhw, Ppwghithw, Ubkpuhlw, Unp Qkjwunhw, Uhgbphw, LEhwuwnwl,
NMnpunniquihw, Ontuwunwl, Unduihw b Zupuduyghtt Ubphlw, hus-
whu twb 30 dwubwlhg 22-hg:

Ghunwdnnnyh pEdwnhjutbkpb Eht.

. INHIGEO-h 50 mwuphutpp

Bpjpupwtwljut qunuthwpubph b dinph qupgqugnudp
Epjpuwpwtnipjutt yuwwndnipniup Zujwunwnid

Lunptph b dbnnunubph dwuht htwgnyu ghnkjhpubpp

Utjudhl b hpwphiwghtt gnpéniubinipyut yundwljut b twhw-
wuundwlub Jyumnipmiutph ntuntdtwuhpnipniutpp

6. Cunhwtnip wplowwnnipmititip b hwynuh Gpjpupwbbph Yhb-

uwgnnipniuubn:

Swipptin Ephpubpmud - Gplpupwinipiut wundnipjut  hhdbw-
hunhpubph, Zuywunwind Epjpupwituljut dnph juyugdwi b qup-
qugdut wuundnipiwt Ypwpbpuy dwubtwlhgubpp ubpluyugpkght
60-hg wykjh ghnnwuljut qkynignidubp:

Utwnhl dudwiwmuopowth b dhottwnuph hwy htnhtwlubtph jnt-
puwhwwnnil] yuwndwlwbt woluwwnnipniuttpp, npnup jptwdpny wwh-
yuiynud kit Uwunbkbwnpupuwind, pny; b mmwjhu hbnbbk Ephpw-
putwlut dnph swquui b dbtwynpldwt yuwndnipjuip Zujwunwind
b Zuyglpulju pupdpu]winulynud, hisybu twl Unweunnp Uuhugh Uh
owipp Lpypubpnud: XII-XIV nupbph dh pwpp wmwpbkghpubph, wyuwn-
dwpwbtbtph b Biinkgujut uvywuwynpubph wohwwnnipmitubpnid
wwhywidlk b wnbwnwih Epypuowpdtph puquuphy tupugqpne-
piniuubp, npnup wnknh kb mukglh) dhpttwnuput Zujuuwnwunud, huy
XV nuph hujjujut dudwbwjugpnipnitubpnid ju Ywbw 1£h hynt-
vhuwplbbjjuwt dwumd quuynn Lkdpnip hpwph duyppdut wpdwbw-
gpnipjniup b tjupugpnipmniip: 2wy wwpkghpiubph woluwnnipniu-
utpp sk oppwiigh) b hwupuwyhtt opkph b npwutg pnidhy hwwn-
Ynipjniuitiph dwuht wmyjwukpp, npnughg pwwnbtpp hwuby B dhtish dkp
opkpn:

Ujuyhuny, Yupbkjh £ wuk), np dhotwnuph hwy dnwsnnubpt
hptug wpdwuh wnbknt niukt Epypwpubtmfui ghnbjhputph qupqug-
dwul yuununipjut Uky:

N
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Qtnygutipmud puquhgu hhpwwnwlgtghtt twb huyjulub swgnid
niikgnn kpypupwbitph <. U. Lngnsthyngh, U. b. Lupupwsh b L. U.
Uytunhwpnyh swdwjws Epjpuputuljut gnpéniubnipjut b jhuuw-
gpnipjul dwuht mbknklnipniuubn:

AEjujupnipjutt juigpuipny ghnwdnnnyp juquuybpytg Zw-
jauunnutth Zutpuybnnipyut Fhuinmpmnibatbph wqquyhtt wjunbdhuwgh
Bpnwputtwjut ghnnipniutnh htunhwnninp INHIGEO:

INHIGEO 42-pn ghnnwdnnnyh pugdutt wpupnnnipjut dudwbwly
22 Jupsuybn Yupkt Yuwpuwybnyubh ninkpdny hwinbtu Guy 22
thnjjupswytinn, Uhowgquyhtt ntnbuwlui htnkgpdwt b pupbtn-
hunidubph twhwpun 9wsk Swupphtjjubn:

Ghunwdnnnyp ukpwpnud Ep twlb Gphpopyu Uheghwnwdnnnyut
niqlnpnipnit nbwh Zuywumwuah wuunmdnipiub pubqupub, Uank-
bwguwpwl, Uuyp Upne U. Eodhwdth pubqupul, Gunuh, Shnunpn L
Eouhwshl, hisyhu twl hEnghnwdnnnyjut ninunpnipnitubp Zwjwu-
nwih nwuppkp punqupbtpny, tkpuewy ¥oudph, Ughuwl, dwbw-
anp, Ythihowt, Ownjwdnp, Ulwl, Unp Gtnh, Ujuwskh b Ukdwunp:

QGhunwdnnnyh wohtwwnwtputphtt hpkug wljnhy dwubwlgnipmniup
gnigupkpkght 22 QUU BAP wppimwnwlhgubpp, tbpwnjuy Eppuw-
uwny ghnwphiwwnnnubpp: Zwupl k gl twb ghvnnwdnnnih b Epulynip-
uhwitph juquuljtpydwb gnpénud Puunhnmnh hwdwgnpsuljgne-
pibp Zwjwunwih htwghnbbph 22 Upwlnyph Guuwpupm pjui
yuundwlwt dhowduyph b wundwdowlnipuhtt putqupub-wupgk-
Ingutph wwhywinipyut Cwowympyub b 22 ¥UU Zuwghnnipjut b
wqqugnnipjul htunnhwnninh htwn:

INHIGEO 42-pn ghuwwdnnnyh ospowtwlubpnid hpuwwnwnplydtg 3
ghpp . Qppuyui, Q. fundhgniph, U. Zupmpmiyub «Bphpupabw-
lJwl dinph swgnudp b qupqugnuup Zujwunnwbnd (£.w. 5-pn 1.-17-pn
1.)», 9. Ulytp, (k. U. &tpp, L. 3. Ugnikjw, ©. U. Unnnw b U. dnyndhs
«Gpypughnnipjutt uudnipmniup. Ldhpdws INHIGEO-h 50-widjw
wnwpbhghtr Lnunnuh Gphpwpwbwlwt hwuwpuwlnipyut hwwnnly
hpwwnwpwlnipjnitikp, Lnunnt-2017 (W. Mayer, R.M. Clary, L.F. Azuela,
T.S. Mota and S. Wolkowicz. “History of Geoscience: Celebrating 50 Years of
INHIGEO”, Geological Society of London Special Publications Series,
London, 2017), L. L. Lopnihyuwihdtk «Lyhpdws INHIGEO-h 50-wdjw-
Uht  Bphpupwtwlui ghunipnibbbph wwndmpjui  dhowqquyhb
hwudtwdnnnyht» Swoptty, 2. U. Uppnyyulh wiy. Epjpupuinipiut b
Enipwdbhqhlugh httunnhwniwn, 2017 (JI. H. Jlopaxunarunge, K 50-1eruro
MHUTEO (INHIGEO) - MexayHapogHON! KOMHCCHU TI0 UCTOPHUU Te€OJIOTH-
veckux HaykK): Yhpwhpuunwnpuljykg U. Uduwubuywt, . Uwjowuut. U.
Luqupbpjul «wjuunwih tpjpupuwbulut kquijh hnipwpdwubpp»
qhppn:

Uju nunph twwnbuynud | 22 @UU Ziwghwnnipjut b wmgqugnnt-
pjul htunhwnninh ghnuwiwnnnubph htnn hwdwwntn bu JEy hw-
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nnil] dnnnuwdnih hpwwnwpwlnid ghpdwiwljw Springer hpuwwnwnpw-
Unipjut Historical Geography and Geosciences gpptph swippnid, {tnp-
tugnjws «Cwjuunwip htwghunipqut b tpiph dwuht ghnnipna-
ubph wywwnidniput puwsdbpniynid» (“Armenia between Archaeology and
History of Geosciences”, Special Edition), npnid wbtn Jgquukt ghwnw-
dnnnyh punpdus qElnygukpp:

Qhwnwdnnnyp Uks htnwppppnipnit wnwewgptg 22-nid b tpw
uwhdwtbphg nnipu, htish dwuht hrwunnd Eu twb dwubtwljhgubph
Uks dwup pubwynp b gpuynp YEpwyny puquhgu wpnwhwyjnwsé npu-
Jul Yupshpubpp:
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22 QUU Skpklwghp, Spunnypmiiblp Epgph dwupl, 2018, 7100 1,
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© 2018p. Uwhwljju L.

2017p. hnyunbtdpknh 25-27 Nijpwhtuwgh Ghnnipniuttiph Ugqquyht
Ulwuntdhuyh, Yhtth U.b. Unippninhtth wijut SEnbhwghljuyh htunp-
nninnid mbnh nmubkguy Zwy-ppuwtuhwljun ghnwjut hwdwgnpswl-
gnipjull opowtwljubpnmd wughugynn dvhowqquyhtt thnpdwughnuljuh
fudph (IRG) Ynnuphg hpwlwbwugynny “@npp Gnfiwup (Entwpnpuwyh
Epypuphttwdhuljut qupqugnidubpp  wqpbkgnipmnitp ptwljui nk-
uniputibph, wnhy mkunuhugh b nhuljh ypw” ptdwyny dpwqnph tg-
nuthulyhy Yntdputup: ‘

Unudbpwuhtt dwubwlgnid thu dpwghpp Juwwpnn tphpukph
Zujuunnwl, dpwunnwb, Unpphowt, Mijpwhiw, Onudhthw, dpub-
uhuyh ubpjuyugnighsubpp: Zuyjuui Ynndhg b.qn. U. Uduquip
(kpynt qklnignid) b k.q.p. L. Uwhwljuwip hwinbu Ejut hwdwwyuw-
nwupwtwpup «Upwpunub - gnqudnpmpjut nklunthjubs n
<Luwhiyundwut ywpgnt Jyuynipjniuttpp tppuwowupdtph dwuhi»
b «kEngkih dwgquunhl] wywpubph tpipuphdhwjut ntuntdwuhpne-
pntuttpp b Epypunhtwdhl wuydwuubpp» qbiinignidubpny: Shunw-
dnnnyh Wnipkpp nwwgpty ko Mijpupbugh Ugqquyht Uguntdhagh
«Teodpusmueckmit xypuamr» widuwgpmd 2017, 1. 39, N 4, c. 77-124.
http://journals.uran.ua/geofizicheskiy/:

Sknh niubgun] nuowwhtt kpulnipuhw’ Mipwhuygh poipbnughl
hhuph hniuhuwhtt hwnduénid quuynn hwjnuh pwwwlhyh-qpu-
uhwn-wunppnghnuwghtt YUnpnunkh ynunnh nmupwspnid:

Lutiuplytghtt hbnnwqu, hwdwwntn ntumdbwuhpnipyniiubph htiw-

puynpnipnibubpp:
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Uzeecmusn HAH PA, Hayxu o 3emne, 2018, 710 1, 89-92
IMAMSTHBIE JATHI

K 125-JIETUIO CO JHA POXKIEHUA AKAJEMUKA
KOHCTAHTUHA HUKOJJAEBUYA ITA®P®EHI'OJIBLIA

B 2018 ucnonusercs 1257eT co aHA poxk-
JIEHUs] BBIAONIETOCS HWCCIIEOBATENS TEOJIOTH-
yeckoro ctpoeHust KaBkaza n ero MUHepaJbHBIX
pecypcoB, akagemuka AH Apwmsanckoit CCP
Kouncrantnna Hukomaesnya Iladdenronsua, on-
HOTO W3 KJIIACCUKOB T€0JIOTUIECKONW MBbICTH ApMe-
Huu u Beero Kaskasa.

K.H.[Maddhenromnp poauincsa 17 mapra 1893
B c.Anbunen beccapabckoii rybepuun Poccuii-
ckoii Ummepun (upiHe B PecryOmuke Momnosa),
B ceMbe poccuiickux HemieB. HauansHoe oOpa-
30BaHME MONydm1 B KHUIIMHEBCKOM pearbHOM
YUHJIHILE, a AajbHeliee oopasoBanue - B [Tetep-
Oyprckom ropuom mHcTHTyTe B 1911-1920r. B
ronsl IlepBoil MHUpPOBOI BOWHBI, MO 3aJaHUIO
KOMaHJJOBaHUs PYCCKOH apMHH, OH HPOBOAMJI I'€OJOTUYECKUE UCCIICAOBaHHS B
BOCTOYHOH 9acTH APMSIHCKOT'O HArophs U 3aKOHYHJI [ OpHBIN MHCTUTYT JIUIIE B
192G

B 1916., Oyayuu ctyaeHToM ['OpHOrO MHCTUTYTa, OH y4acTBOBal B Kap-
THPOBAaHUHU JICIHUKOB DJpOpyca M 3a OJIECTSINE BBIIOIHCHHYIO padoTy OBLI
n30paH JCWCTBUTENBHBIM 4IEHOM Pycckoro reorpaduyeckoro oomiecTBa U
ynoctoeH ero Maoii 3omotoit Menanu. [losxe, B 1922, on uzyuaer xene-
30pynHBIe MecTOpoxaAeHUsT Koibckoro momyocTpoBa, paboTasi MarHUTOJIOTOM,
1 U30MpacTCs ACHCTBUTEIBHBIM WICHOM BcepocCHicKoro MUHEpaIoruuecKoro
oOriecTra.

Brepseie K.H.ITabdenrons npuexan B Apmenuto B 1913, a B 1917
BMECT€ C OTpSAAOM TEOJoroB, B YHMcle KOTOphIX Obuin  A.A.CTOSHOB,
b.® Meddepr, A.B.Hanukua u apyrue, y4acTBOBajd B TE€OJOTHUECKHX HC-
clenoBaHMUAX Ha Tepputopun 3amagHod ApmeHuu. [lepBoil ero HaydHOU pa-
6otoii, onyomukoanuoii B 1918, (coaBrop A.A.CTOSHOB) OBIJIO MTOCBAIIEHO
Te0JIOTHYECKOMY HCCIIEIOBAHUIO TEPPUTOpHHA Mexay o3.BaH u Typerko-
HMpaHCKOH TpaHuIieii, B ToM ducie Kop3oTckoMy HEPTIHOMY MECTOPOKICHHUIO
Ha npaBoM Oepery p. Hadtunzop.

B 1919. K.H.ITadpdenrompry Obu1 3aumcieH reomoroMm B ['eonoruueckuit
Komurer (B nanpueiimem BCET'EN), B koTopoM 1 IpopaboTai OJITHE TOMBI.

C 1923 roga mo npemiokenuto npod. A.Jl.['epacumMoBa — ri1aBbl HIKOJIBI
kaBka3ckux reojioro, K.H.Iladdenronpir npuctynaer k u3ydeHuro Maioro
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KaBka3a, mocBATHB B JAJBHEHINIEM HCCIIECAOBAHUIO JTOTO CIIOYKHO TOCTPOCH-
HOTO TOPHOI'0 COOpyxeHus okojio 60 et cBoew »xu3um. Yxe B 1937,
K.H.ITapdenronsr yuacteyer B XVIlI ceccun MexmyHapogHoro I'eomoru-
4ecKoro KoHrpecca B MockBe M pykoBoauT KaBkaszckoil 3SKCKypcued 1o
ApmeHud.

B 40x romax K.H.Iladdenronsr 3aBepruaeT KapTHpOBaHHE TEPPUTOPHH
ApMeHnn W TIpwiIeraronux K Hed dacted Mamoro Kaskaza. Pesymbrarhl ero
HCCIIeIOBaHui OBUIM 0000IIEHbI B JIOKTOpcKoM muccepramun (1943.), u
omyoiaukoBansl B 1948 B Buze B GhyHIamMeHTaIbHOW MoHorpaduu “I'eonorus
Apmenun. Apmenus B cucreMe Kaskaza m Manoit Asun”. Dta pabota Obuia
ynoctoeHa B 1950rony I'ocynapcreennoii npemunt CCCP | crenenu. B 1943
K.H.ITaddenronpr Ob11 BKIIOYEH B COCTaB aKaJeMUKOB-yupeauTesed Axaze-
muu Hayk Apmsackoir CCP. B 1947 rony emy nmpucBauBaercs 3Banue «I eHe-
PaNbHBII AUPEKTOP reoornyeckom ciysxosl Il panra», a 8 1953rogy — «Or-
JTIHUK T€0JIOTHIECKOl ciry:k0b1 MunmCcTepcTBa Teojorun CCCP».

B 1959 rony Beixomut npyras ¢yHnamentansHas pabora K.H.Iladden-
ronbua “I'eonoruueckuii ouepk KaBkaza”, kotopas B 1963rony Obuia nepese-
neHa W usgana B ['epmanun Ha HemerikoM si3bike (Berlin: Akademie-Verlfg,
Series: Fortschritte der sowjetischen Geologig), 5/6

B oxnoit u3 pador K.H.I[lapdenronpn ormeuan: «IydiuM mokasaTeieMm
TeOJIOTUIECKOW U3YYEHHOCTH CTPaHBI SBISIOTCS, KaK H3BECTHO, TEOJIOTUYECKUE
KapThbl - BEHELl T€0JIOTHH; YeM OHHU JAeTallbHee, TeM OoJiee IIeHHbIE Hay4HBIC U
MPaKTUYEeCKUE Pe3yNbTaThl MOKHO JesiaTh M3 MX aHanuza». B 195Ir. Obuia
omybnukoBana, coctainenHas K.H.Ilapdenrompuem “I'eomormueckas kapta
Apwmsiackoii CCP u mpuieraromux yacteid Mamoro Kapkaza” M 1:2000004a 11
auctax. “T'eonmornueckas kapra KaBkaza” M 1. 500000,mpencraBieHHas Ha
XX-# ceccnn MexIyHapOIHOTO T€OJIOTHISCKOTO KOHTpecca B MEKCHKe BBI3-
Bajla BOCXHUIIEHHE TeOJIOTHIEeCKOi 001ecTBEHHOCTH. [0 HACTOSIIETr0 BpEMEHH,
coctasneHnbie K.H.Iladdenronpuem reomornueckue KapTbl HE MOTEPSIIH
CBOETO 3HAYCHHUS U SABJSIOTCS OCHOBOW Ui OoJiee AETalbHBIX IOCIEAYIOIINX
uccnenopannii. B mampHedtmem, K.H.ITaddenromsiiem, coBmectao ¢ C.A.My-
3BUIEBBIM, Obla pa3pa0oTaHa WHCTPYKIHMS MO COCTABICHHIO W MOJTOTOBKE K
W3JIAHUI0 TEOJOTMYECKUX KapT, ChI'paBlias OOJNBINYI0 pPONb B Jiele KapTu-
POBaHUsl Pa3InUHBIX TEPPUTOPHIA CTPAHBI.

Ocuonblie Tpyasl K.H.[1addenromnpua mocBsimeHbl H3y4eHNIO pernoHaIb-
HOW TeOJIOTMH, TeKTOHUKH, MarmMaTh3Ma, METaJUIOTeHHH, THIporeojorun Ma-
moro Kapkasa, a Takxke oOIuM mpodiieMaM albITUHCKON CKIaa9aToi CHCTEMBI.

K.H.I[TaddheHromnpl yyacTBOBaI B COCTABICHUH ITyTEBOIUTECH DKCKYypCHi
| Bcecorosnoro BynkaHomoruueckoro copemanus (195%.) u skckypeuit mep-
BOro MeXIyHapOZHOrO CHMIIO3MyMa Mo uctopuu reojoruu (1967.), mpo-
menmux B EpeBane.

K.H.ITaddenronpn pazpabotan oOmyto cTpaTHrpaduyuecKyto cXemy BYJ-
KaHOTEHHBIX M OCaJOYHBIX OTJIOKeHM Masoro KaBkaza, mpuBen cBoe 000c-
HOBaHUE BO3pacTa MHTPY3UBOB W TJABHEUIINX PYJIHBIX MECTOPOXKJICHHM, 3a-
KapTHpPOBAJI 3HAYMTENBbHYI0O YacTh KaBkaza, NpOBOMWI HCCIICAOBAaHHS B
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paiionax Das0Opyca, Kasoeka, Ceanerun. B 1970 romy ObLIO HM3m1aHa MOHO-
rpadus “Ouepk MarmMaTu3Ma 1 MetajioreHun Kapkasza”.

K.H.I[TaddhenromnpiieM BrepBbie ObUIO AaHO ACTaIbHOE CTpaTUrpaduIeckoe
pacuJIcHeHHE YeTBEPTUYHBIX JIaB, OITyOJIMKOBaHA MOHOTpadus o rope Aparail,
B KOTOPOW 3TOT TOPHBIA MAacCCHB OH CUHMTANT OpPaXUaHTHUKIWHAIBIO, CIOXKCHHON
OJIUTOIICHOBEIMU JIaBaMH U Ty(amu, IEHTp H3BEPKEHHUS KOTOPHIX HE YCTa-
HOBJICH W JIMIIb 1O meprudepur Tophl HAOMI0MAI0TCS OTACIbHBIC HEOOJBITHE
LIEHTPbl M3JIMSHUNA 4YeTBEpTUUHBIX JaB. IlpeamnonaraBmuiics Kpatep Ha Bep-
IIMHE TOPHI, 10 €r0 MHEHHIO, MPEACTABISET COOOI0 THUITMYHBIN IPO3UOHHBIN
IUPK.

B 1971rony Beiuuta moHorpagus «KaBkaz—KapnaTsi—bankaHs», B Ko-
TOpPOY aHATTU3UPYETCs B3aMMOOTHOIICHUE T€OJOTMIECKUX CTPYKTYp U AeNaeTcs
pa30op maHHBIX reoGHU3MUSCKUX HCCIIeqoBaHul akBaTopuu UepHoro mops. B
paboTe MPUBOIUTCS KpaTKas XapaKTepHUCTHKA OTIENbHBIX pernoHoB Kapkasa,
Typumn, HOrocmasum, bonrapum, Pymemmm, Bocrounsix Kapmar, Kpeima u
akBaTopuu YepHOro Mops, MPOBOISTCS CONOCTABICHUS U JENAIOTCS COOTBET-
CTBYIOIIIUE BHIBOJIBI.

Ocrtpast HabIIOAaTENFHOCTD, BBICOKOE MacTepCTBO reojora-chemimuka K.H.
[Maddenronpia ymuBISIET KaxIOTO Teoiora. SIpKUM NPUMEPOM  SBIISIOTCS
KapThl W pa3pe3bl, Ha KOTOPBIX OH OOBEKTHBHO (DHKCHPOBAN TE€OJOTHYECKUE
B3aMIMOOTHOIIIEHUSI HE3aBHUCHMO OT Tpeobianaromieil reojJornueckoil KOHIEeN-
1Y TOTO BpeMeHU. VIMEHHO Tak OH BBIICTHI B CBOMX pa3pe3aX, B YaCTHOCTH,
B30poch! (HAJBHUIH) Ha CEBEPO-BOCTOUHON OKpawHe ApapaTCKOW JOJUHBI M Ha
ceBepo-3anage lllaranckoro CHHKIMHOpPHUS, 4TO OBUIO MOATBEPXKICHO COBpE-
MEHHBIMHU UCCIIEZIOBAHUSIMHU.

K.H.[Maddhenromnpi aBrop 6oee 250 HayuHbix pabot, okono 30 MoHOrpa-
¢uii. borateie pazHOOOpPa3HBIM (PAKTHIECKUM MATEPHAIIOM €T0 TeOJIOTHICeCKIE
TPYIBl SIBISIOTCS HACTOJNBHBIMA KHHTAaMH JIJISi KaXJAOrO Te€0Jora, HCCIe-
JYIOIIETO pa3anyHble MpobiaeMbl reooruu Kaskasa.

K.H.ITaddenronpr 3aHuMancs ruaporeojorueid pek u o3€p Kak UCTOY-
HUKax OPOIICHHS, YHEPTETUKN U BOJIOCHAOXKEHHS, OIUCAl TEOJIOTHIO U THIPO-
reojoruro Oacceitna 03.Cesan. Cocrasiennbie K.H.[Taddenronpuem penbed-
HbIE MakeTel Onp0pyca W Aparama, 03.CeBaH HaxoIATCSI B T€OJOTOpa3Be-
noyHoMm mysee uM. akan. @ .H.Uepnusimera B Cankt IletepOypre. On siBisercs
aBTOPOM peNbe(HBIX T'eOJOrHUecKux KapT OacceitHa 03.CeBaH W ByJIKaHa
Apapar, KOTOpbIE JI0 CHX IOp SIBIISTIOTCS OJHUMH W3 CAMBIX BOCTPEOOBaHHBIX
akcmoHatoB ['eomormueckoro myses uMm. O.Kapamersna MHCTHTYyTa Te€0I0TH-
gecknx Hayk HAH PA.

Bcest mayuno-npousBojacTBeHHas nestenbHocTh K.H.ITaddenromsiia mpo-
TeKaJla B TECHOM KOHTAaKTe C aKaJeMHYECKUMHU M TPOU3BOJCTBCHHBIMH Op-
rauzansiMa pecnyonuk FOsxxxoro KaBkaza. OcoOeHHO TecHBIE B3aMMOOTHO-
IIeHUs. OBUTA YCTaHOBJICHBI C COOTBETCTBYIOIIMMHU OpraHU3aIMsIMH ApPMEHUU.
B romer Bemukoit OredecTBeHHOW BOWHBI OH OBUT HampaBieH B EpeBan B
KadecTBe TJIABHOTO reojora I'eonorndeckoro yrpaBieHust ApMEHHH, TIE BbI-
MOJIHAN psiag paboT B obOmactu BoeHHoW reosorud. C 1946 mo 1952T.
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K.H.ITad¢eHronpii, Mo COBMECTHTENBCTBY, SBISICA MpodeccopoM Kadeaps
ucropuuecko reosnornu EpeBanckoro I'ocyapcTBEHHOTO YHMBEPCHUTETA, TJIE
npenogaBan kypc “I'eomorus Apmenun’, ¢ 195%. paboran B HMHcTuTyTe
reonornueckux Hayk AH Apmsiackoit CCP, a ¢ 1963, sBisuicst KOHCYIBTaHTOM
WHCTHUTYTA.

[lon ero pykoBoACTBOM OBLIM MOATOTOBIEHBI Psii BEICOKOKBATU(PHIIUPO-
BaHHBIX CIEIHAINCTOB - JOKTOPOB M KaHIUAATOB I€0JIOTO-MUHEPATIOTHUECKIX
HayK.

K.H.I[TaddheHropi ObLT 4€I0BEKOM LMIUPOKUX HHTEPECOB, MPEKPACHO 3HAI
¢duocoduro, UCKYCCTBO, JUTEPATYPY, APXUTEKTYPY, BOCXUIIAICS TBOPEHUSIMH
Hapexkaru n Koprona. OH ObLT MCKITIOYUTENBHO MHTEIUIMTEHTHOM, T0OpOsKena-
TEJNBbHON, OT3BIBYMBOM U CKPOMHOM JTMYHOCTBIO, OECKOPBICTHO CIYKHJI HAayKe.

EcrectBenno, uto Hekoropbie mpenctaBicHus K.H.Iladdenromsia, xa-
carorecs JIeTalneil cTpaTurpapuuecKoro pacuieHeHNsT OTACIBHBIX TOJII, BO3-
pacTa HEKOTOPBIX WHTPY3UBOB U MECTOPOXICHWH, CBSI3U OPYACHEHUS JIHIIb C
WHTPY3UBHBIMHA KOMILUIEKCAMU B JalIbHEHINIEM, B XO/€ JCTalbHBIX pa0doT, ObLIH
YTOYHEHBI U TEPECMOTPEHBI, OAHAKO 3TO OOCTOSITENLCTBO HU B KOEH Mepe He
yMajsieT OTPOMHOTO 3HAueHHs pe3yJbTaTOB BBHIMOJHEHHBIX MM Pa3HOCTO-
POHHHUX HCCIIEIOBaHUM.

3a Beimaromiuecs 3aciyru B oOjiactu reojoruu, K.H.[Taddenromasi Obut
HarpaxkaeH asyms Opnpenamu Jlemmna, Opaenom TpymoBoro Kpacmoro 3Ha-
menu, Opaenom 3Hak [louera, MHOTOUMCIICHHBIMU Menansmu. B 1968&. emy
OBUIO MPHCBOCHO MOYETHOE 3BaHUE “3aciyXEHHBIN JesITeNb HAYKH APMSHCKOM
CCP".

Koncrantun Hukomaesuu ITadyderronsi] ckoryaics B Jlenunrpazne (HbIHe
Canxr-Tlerepoypr) 24 centsops 1983rona. ITo 3aBemanuio K.H.ITahderromns-
11a, YacTh €ro mpaxa B ypHE ¢ METAUIMYECKON JOMIEYKON ¢ Hammucho “Ilpax
akax. K.H.Iladdenropma 1893-1983", 6puna cmymena B camylo TIIyOOKYIO
gacts 03.CeBan 29 Hos0pss 1983. Dta ero mpeacmeptHas npocbda Oblia BbI-
MOJIHEHA JOKTOPOM Treoi.-MuH.Hayk J.I'.Manxacsaom, ¢ xoropeiMm K.H.Ilag-
(heHTONBIIA CBA3BIBAN JOJTHE TOABI IPYKObI M HAYYHOTO COTPYJHIYECTBA.

Hucruryt INeonoruvecknx Hayk HAH PA
Penaxuus U3Bectuiit HAH PA Hayku o 3emuie
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22 QUU Skpklwghp, Ypunnipmniialp Ephph dwupl, 2018, 7100 1, 93-95

qurunats unkCuk UNkrunsuy
(dutguit 80-wdjulhty)

2018p. dwpwh 5-hu jpuguy 22 UL
Eppwputwljut ghwnnipniiubph huu-
wnhwnninh ognnuljup hmbwénubtph jupn-
puwnnphwh  wpwewnwp  ghnnwlub
wohiwwnny, Epypupwbw-hwipupwbu-
jwb ghwnipnitubph gonljunnp, (knrtuwu-
nwbh Fuwlwt ghwnnipnitubph wiw-
ntdhuygh, Punipjut b hwmuwpwlnipjut
dwuhtt  ghwunipnitutph  dhowqquyht
wljunbdhwjh wiwugbdhynu Ywpuybun
Unipunh Unipunjuh Sutigut 80-wd-
pulp:

YU.Unipunyuip sty L 1938p.
Bplwunid:  1960p. ghpuquugnipjudp
wquwpunl] £ Bplwih whunwlwt hwdwjuwpwih Gphpupwbulub
duljnyyntiinp U wpppwwnwuph b wbgh] Gplipwpwiwluwt  ghwunt-
pjntuttiph htunhwnninh (6QP) ogunujup hwtwénutph b Jknwnw-
gnugdwtt pwdunmid, npnbn b wopwwnmd E dhush wydd: Ubgus
wnwphtbph pipwgpnid tw hwenpnupwp qpunbkgnpty E hudbubph, wu-
whpwtwnh, Ypuukp ghn.wownnnh, wjwg ghn.wohiunwnnh, wpw-
ownw ghu.wphuwnnnh, jupnpunnphugh Juphsh wwownnuubpp:

1962p. U.Unipunjutt pugnidk) £ wuyhputnnipw b gnpéniny by
E Unulpjw’ ghunwlub nijudup ypndbunp <G Unnguph dnn niuw-
ubnu 1967p. Bplwuh ywhunwlwt hwdwjuwpwind guonwwul) k
phjtwsniuljutt wnkiwpnunipniup «Puqnudh dhohtt tngbkth unip-
hpwppiwghtt hwdwihph Eppupwinipmniup b hwbpwpkpnipmniup» ph-
duyny:

U4.Unipunjuth hbnwqu ghnwjut ntuntdbwuhpnipiniutpp pw-
pmitwyytp B dhpwhuyng-Swyniy (Cwdrwnh)-Upgu-Yuwwuh b
Udwuhw-Ulwb-Zuquph  hpuppwstw-dbnwunugnugdut  gninhub-
poid’ pwig hwipwjhlt opowbibpnid: Uyy niumdtwuhpnipniubph
wpyniupubptt wdthnthygl) b btpw «®@npp Undjuuh YhEunpnbwlub
dwuh hpwppwsh dnpdwughwtiph hwupwpkpnipniup» gnjunpuljut
wnklwjununipmniunid, npp tw hwennmpjudp Wwpwnwywuk] £ 1987p.
@phihupnid’ YndYwuh Zwbpwjht (fkunipuikph hiunhunnunnid:
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1988-1994p. U.Unipunyuip dwutwlygl) t Uyhwnwlh Epypuowp-
duyhtt mwpwsph 1:50000 b 22 1:200000 dwupnwph dwquujuljub nu
Ubnwunugnyugdwt puwpwunbqubph juquduit wpwwnwipubpht: Lpw
Ynnuhg wpwehtt whqud Juquyb] Et Fugnidh b Swynioh (Cwdpwnhth)
hwtpwhti opowtiibph brnwyuyhtt htwdwghw-htwhpwppwstwlwh b
uyn hhuph Ypw jutjugnioulnidw-dbnwunugnyugdut junpnpudwu-
owup (1:50000) pupwntqutp, npnup htwpwynpnipinit B wygk) tnpnygh
guwhwwnb] wyn opowtitbph hwpwpkpnipjut hknwtupubpp: 9.Unt-
puryuip, npytu UZU QU htwhpuwpluwstuju-dbnwnugnyugdut
hwtdtwdnnnyh winud, wykh put tplnt nuubwdjul dwutwygl) b
twjuhhtt vnphpyuyhtt Uhnipyut, YUnjuup b Zujuunwuth Zubpuugb-
nnpjul  htwhpwppwstwjut b Jbknwnugnugdwut tquijh wwn-
quultkph’ 1:5000000, 1:1000000 b 1:500000 vwuswwpkph Enwugughi
puputqutph juqudwt wolpwnwpubphtt (wwr. . Qppupjuth htin
hwdwwnkn):

Y. Unipurguiip dwubwlighy k22 ptwnwpusph dwquunhquh, db-
wnwunpdhquh b hwipuyhtt $npldwmghwitpp 1:300000 dwupwnnwph pup-
wntqh juquuwb wyhtunwuputphte

Lw dpwlk] £ Onpp Undjuwuh wnwpwséph Epjpunhttwdhjuljut
qupgqugdut Unnbip, yEphwtl) E ipu jhpupwlub tywbwlnipmniup:

4.Unipunjuth nuuntdbwuhpnipynitubph wpnynitpubptt wdthni-
Jws L wykih pwt 152 ghnwjut wpawwnnipmnitttpnud, npnup ughp-
Jwsd Eu @npp Unduuh b Uhokpypusnduyhtt (Ugw-Zhdwjwywiy) gninnt
JEunpnuujut hwndwsh puwwnmwpwsphtt pinpny ogunuuljup hwbw-
dnutph hwupwduwyptph Juplnp hhdtwpunghpubphtt: 4. Unipunguinp
qlnignidutipny puquhgu hwntu t ik mwupplp hwipuybnwlul,
huwdwdhnipbtwlwl, dhpwqqujhtt junphppuljgnmipnibubpnid, ghwnw-
dnnnyubpnid, uhdwynqhnidubpnud:

Cnipo tptp nuwutwdjul] Y.Unipunyuip ghrnnwjui nrunidtwuh-
poippniuutpp hwdwnbnl) £ dwtjujupduljut gnpéniubnipjut htwn:
“ngkunh b wpndbunph wuwpwnnuubpnid tw nuuwjunk) £ Gphwth
NMEnwlwt hwdwjpuwpwih Upliwphwgpnipjut b Bpljpupwinipjub
dwlnyunbtnnud, 22 Yunwjupdwt wjupbdhwynud, 22 @UU Uhowg-
quyhtt ghnnulppuljui jEunpnunid:

2001p. U.Unipunuip punpydl) B Fowljwt Shunipniuttph n-
uwunwih wunbdhwih hujuwlwt wunud, 2009p. Funipjut b hw-
uwpulnipjut dwuhtt Shunnipmniuutph Uhowqquyhtt Ujuntdhwgh hu-
Jujwt winud: 1991p.-hg tw hwiunhuwind t Zuupwdupiph Ow-
gnudtwpwbwljutt Uh9wqqujhtt wmunghwughwjh wiunwd (IAGOD):

Y.Unipunjutp B@b-nmd gnpénn phljtwsniwlut b pnljnnpuljut
wnklwjununmpmniittiph wunhdwtwyinphdwt 054 ghnwlwb funp-
hppnh wigud E:

22 AUU Bphpuputuui Shunnipjniuubph Puunhnninh whdtw-
Juqup, 22 FUU «GFhunipnibbp Bpypp dwuhts nbntugph udpw-
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gponipjniip upniwtg ounphwynpnid Bt quuunuwjuwoun  Epljpuput
4. Unipurnyutitht $ttnyut 80-wdjulh juwwlgnipjudp, dunpnid tpub
pwownnnonipjnil, btplup wwphubph fubup b phindtwynp wohiw-
wnwp:

2Z QUU. Spljpupwbwlwi Ghunnipnibubph Paunhunnin
22 @UU, «Ghunipniutkp Gpyph dwupis mbnkljuqpp pdpugpnipni
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